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Ms. Sandra McKay 
Industrial Specialist 
Water Resources Brancn 
Ministry of Environment 
135 St. Clair Ave. W. 
Toronto, Ontario 
M4V 1P5 

Dear Ms. McKay 

Re: Aquaculture in Ontario 

We are pleased to submit our final report on the above noted study. 

The objectives of this study were four fold: 

1) Determine the present status of waste water treatment in the 
aquaculture industry in Ontario. 

2) Provide recommendations concerniny the appropriate treatment 
technology and operating practices as related to effluent quality to 
be applied to both new and existing facilities and, 

3) Comment on Ministry Interim Environmental Guidelines for Salmonid 
Aquaculture Facilites in Ontario. 

4) Develop an inventory of the aquaculture facilites in Ontario. 

An intensive literature search was carried out and reported on to 
investigate the treatment technologies available, with regards to specific 
design considerations, effluent quality, relative costs and 
appropriateness to the aquaculture industry in Ontario. 

Generally it was found that the literature alone contained insufficient 
data to fully evaluate a specific process or determine specific design 
parameters. However, our recommendations and conclusions are based on our 
past experience with the aquaculture industry, the results of the 
literature search and our experience with waste treatment alternatives in 
other waste water applications. 
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We concur with the Ministry's preference for solids management as the most 
appropriate principle for aquaculture waste water treatment. We believe 
the present treatment alternatives, within a reasonable economic cost to 
an aquaculture operation, mean the Ministry's effluent targets of 5 mg/L 
SS and 0.05 mg/L TP for all flows from a salmonid aquaculture operation 
are probably more realistic as long term objectives than values which can 
be currently met by most new or existing facilities. Our complete 
findings are discussed in the report. 

The database of aquaculture facilities in Ontario developed for this study 
provides Information on 227 operations. We believe, while the current 
database is a good starting point, the information required to fully 
assess the status of waste water treatment in the province should be 
updated and improved on, on an annual basis. 

Thantc you for the opportunity to be of service to the Water Resources 
Branch during this assignment. 

Yours very truly, 

UMA ENGINEERING 




U Reid, 
Senior Biologist 
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1.0 INTRODUCTION 

The chemical and physical characteristics of water utilized in an 
aquaculture facility are altered as a result of cl imatological 
conditions, physical constraints, metabolic by-products of the fish, 
and operational features of the facility. 

The major changes are typically: 

reduction in oxygen content; 

increase in compounds related to fish metabolism such as oxygen 

demanding organic wastes, nitrogen compounds and phosphorus; 

a change in temperature due to atmospheric exposure; 

changes in pH as a function of metabolism and the waters 

buffering capacity; 

increase in suspended solids, settleable solids and phosphorus 

associated with waste fish food. 

We estimate that the current total annual Ontario aquaculture 
production from commercial fish farms. Ministry of Natural Resources 
(MNR) fish hatcheries and Community Fisheries Involvement Programs 
(CFIP) sources is in the order of 1,500 metric tons of trout and 
salmon. The production of walleye fry by CFIP pond culture and the 
limited production of bass and other species (MNR experimental 
permits) is not currently significant on a total weight basis in 
comparison to salmonid production. This study reviews the present 
facility effluent treatment methods and recommends future directions 
for salmonid aquaculture waste water management and treatment 
techniques. Water quality or treatment considerations for effluents 
from seasonal walleye pond culture facilities was not included in the 
terms of reference for this study. 



Tabulation of waste water treatment data collected from a 
questionnaire available to trout farmers at the June, 1988 Ontario 
Trout Farmers (OTFA) Convention; an examination of Ministry of 
Environment (MOE) records and data supplied by the Ministry of 
Natural Resources (MNR) indicate that only 26 percent (60 operations) 
of the 227 aquaculture facilities in the province, listed in the 
database, utilize some form of effluent treatment. Of the total with 
treatment facilities, 73% (44 operations) reportedly have an MOE 
Certificate of Approval for the effluent. 

Of the facilities reporting some form of treatment, approximately 73 
percent used settling ponds, approximately 20 percent used settling 
in the rearing units without baffles, 3 percent used settling in the 
rearing units with baffles and 3 percent used filtration. Vacuuming 
of wastes to a treatment or holding system is carried out by 48 
percent of the total facilities having some form of treatment 
followed by 33 percent for flushing (stand-pipe pull), 10 percent for 
brushing and 8 percent use a high pressure washer. 

A legal determination of the Issuance of Certificate of Approvals was 
not carried out as part of this study. As individual operator data 
submissions were voluntary not all facilities or facility waste water 
treatments may be included in the data base. A full description of 
the data base is provided in Appendix 2. A copy of the IBM-PC 
compatible data base is on file with the Water Resources Branch, 
Ministry of Environment. 



2.0 WASTE GENERATION 

Waste generation in aquaculture facilities is a result of complex 
interactions between fish size, feed type and formulation, feeding 
rates, feeding methods, loading densities and water and facility 
operation management. Fish related waste generation factors include 
size, species and growth rate. Each species will have their own 
specific behavior, metabolic rates, nutritional requirements, growth 
rates and reaction to water temperature. Further, factors such as 
nutritional and water quality requirements are related to fish size 
and age. 

Conversion rates, kilograms of feed fed per kilogram of weight 
gained, also depend on fish size and rearing density, water 
temperature, feeding rate and method, and the dietary efficiency. 
Liao (1970 a) demonstrated that dissolved oxygen (DO) uptake, 
biological oxygen demand (8OD5), nitrate, ammonia and phosphate 
production rates are proportional to the feeding rates. The lower 
the feeding rate the smaller the pollutant production rate and the 
lower the DO uptake rate. Also it appeared that, within limits, the 
pollutant production rates are inversely proportional to the fish 
size, loading densities and water supply rates. The higher the 
loading densities, the smaller the apparent pollutant production 
rates (kg of pollutant/lOO kg of fish day) and vice versa. This is 
probably due to the effective food uptake by the fish and the lesser 
available space for fish activity. As a result, less food is left 
uneaten and the fish activity reduction results in less fecal waste 
production per unit of flow. Further, the decrease in loading 
density may also reduce the probability of food uptake by the fish 
resulting in residual food which finally settles to the bottom and 
becomes part of the fish wastes (Liao, 1970 a). 
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Aquaculture facility operation and management practices, type of food 
fed, production scheduling, rearing unit cleaning practices, 
inventorying ciethods, harvesting and grading all affect effluent 
characteristics. 

Table 2.1 illustrates the significant differences which can exist 
between the daily discharge of several "pollutants" just by altering 
the type of food fed (Warrer-Hansen, 1981 a). In Ontario the 
majority of trout farms utilize a dry pellet feed while salmon 
production facilities, currently largely MNR or CFIP facilities, 
utilize "Oregon inoist" type pellets for early rearing and dry pellets 
for advanced rearing. The waste production characteristics differ 
between the two diets because of both formulation and texture 
differences. 

Researchers have predicted the waste products generated per unit 
weight of fish being fed a known quantity and quality by diet 
(Willoughby et a1 . , 1972). The concentration of pollutant in the 
effluent follows the following equation; 

ppm effluent = ( lb. parameter produced/lb feed) x (lb feed/day ) 

0.000001 X 8.34 lbs/gal x 1440 min/day x US gpm flow 
or 

mg/L effluent = (kg. parameter produced/kg feed) x (kg feed/day) 
0.000001 X m3/day flow x 1000 kg/m3 

Waste generation factors accepted by MNR for Ontario (Table 2.2) are 
based largely on the work of Willoughby et al . , 1972. We believe 
these figures approximate waste generated, at least for dry pelleted 
feeds. 



Table 2.1 The Daily Discharge from Earth Ponds Supplied with Various 
Types of Fish Feed (g/800 kg rainbow trout, 20n g - 
weight) 





DRY FEED 


MOIST PELLETS 


TRASH FISH 


BOD5 


1500 


1700 


3900 


Total P 


80 


80 


140 


Phosphate P 


40 


30 


TO 


Total N 


300 


4on 


650 


Ammonia N 


100 


200 


430 


Nitrate N 


50 


40 


50 


Suspended Solids 


4oon 


-> 


6800 



Based on several investigations (Water Quality Institute, 
1976 a, 1976 b,1978, in press) Warrer-Hansen, 1981. 



Table 2.2 Aquae u1 ture Waste Generation Factors Based on Food Fed 

Total Settleable and Suspended Solids 0.261 unit weight of feed 

Settleable and Suspended Phosphorus 0.0054 unit weight of feed 

Dissolved Phosphorus 0.0022 unit weight of feed 

Settleable and Suspended Nitrogen 0.0064 unit weight of feed 

Dissolved Nitrogen 0.0317 unit weight of feed 

Ammonia 0.0383 unit weight of feed 

{from Castledine, A.J. 1987). 



3.0 WASTE CHARACTERISTICS 

The water quality of salmonid hatchery effluents is s umma r i 2 ed in 
Tables 3.1-3.3. Net and absolute values are presented as 
concentrations (mg/L) and as waste generated per 100 kg of fish. 
These data are for normal operating and cleaning conditions. (Train 
et al . 1977; UMA, 1979; Liao, 1970). 

As illustrated in Tables 3.1 - 3.3, the untreated concentrations of 
parameters in the effluent waters are relatively low under normal 
operating conditions (_<7.0 mg/L avg. SS and <0.09 mg/L avg. TP) in 
comparison, for example, to municipal waste water. Cleaning flows 
contain significantly higher concentrations of contaminants than do 
normal operational flows (up to 163 mg/L SS and 1.43 mg/L TP) . 

Liao (1970) found the average BOD5 was several times greater during 
pond cleaning, at times exceeding 35 mg/L when fish density surpassed 
2.08 kg/L/min. At a time of cleaning, suspended solids (SS) averaged 
96 mg/L compared with a mean concentration of only 7 mg/L at other 
times. Evaluation of cleaning flows at the Summerland Hatchery in 
1970 (UMA, 1970) and more recent data from Abbotsford show values for 
BOO5 and SS in raceway cleaning flows that confirm or even exceed 
those given by Liao. 

Liao also reported that, for concrete raceways, 4 to 52 percent of 

the suspended solids generated is associated with pond cleaning, with 

an average of 18.1 percent. Liao also reports 5 to 22 percent of the 
BOD5 is associated with pond cleaning (UMA, 1979). 

For comparison, the effluent from twenty-one fish production farms In 
Ontario is summarized in Table 3.4. Normal flows and cleaning flows 
were not differentiated during sampling. The range of values 



TABLE 3.1 SALHONIO HATCHERY WASTE CHAiJACTERISTICS 



Haste Constituent 



Racewa> Discharge (net values) 
30-da)' av9 waste load k^/lOO kg fish 
on hand/day (normal discharge In mg/L) 
[cleaning wastes In mg/L] 



Open-Pond Overflow (net values) Pond Draining (net values) c/ 

30-day avg waste load kg/lOO leg fish Total avg waste load kg/1O0 kg fish 

on hand/day (normal overflow In mg/L) on hand/day (draining discharge In mg/L) 



&OD5 



COO 



Suspended Solids 



1.3 

(1.0) 

[21.2] 

6 

(25) 
[61] 

2.6 

(3.7) 

[61.9] 



1.4 
(3.1) 



5 
(16) 



3.1 

(9.7) 



2.Z 


(S.I) 


6,2 


(31) 


23.5 


(157) 



Setltejble Solids*/ 



(<0.l) 
[2.2] 



(<0.1) 



(5.5) 



Total Amnonta Nitrogen 



0.9 
(0.49) 
[0.62] 



0.09 
(0.46) 



0.25 
(0.39) 



TKN 



0.20 
(0.74) 
[1.15] 



0.41 
(0.55) 



(0.78) 



NOi-N 



0.06 

(-0.17) 

[0.64] 



0.07 
(-0.22) 



0.04 
(0.41) 



Total PO4-P 



0.03 
(0.09) 
[0.38] 



0.03 
(0.05) 



0.04 
(0.13) 



Fecal Collforin"/ 



( — ) 



(0 to >200) 



(0 to >200) 



i/ Reported as ml/L. 

b/ Reported as number of bacteria per 100 ml of water. 

£/ Culturlng ponds being drained during fish harvesting activities 

from: Train R.t., A.W. Briedenbach, E.C. Beck, R.B. Schaffer and D.F. Anderson. 1977. Development Docunent for Recommended Effluent Limitations; 
Guidelines and Standards of Performance for the Fish Hatcheries and Farms Point Source Category, Effluent Guidelines Division, Office of Wateri Hazardous 
Materials U.S. Environmental Protection Agency Washington DC 20460, Z20p. 



TABIE 3.? SALMOHID HATCHERY WASTE CHAHACTEBISTICS 



Waste Constituent 



Earth Hacewiy Concrete Raceway 

norai. dis.* in mg/1 norm, dts.* In mg/l 

norm. dU. In kg/100 kg fish norm. d!s. tn kg/100 kg f1sh 

clean, dli.* In mg/1 clean, dis.* In mq/l 



Earth 


Channel 








norm. 


d1s.» h 


> mg/l 






norm. 


dis. 1ft 


kg/100 


kg 


fish 


clean 


. dis.* 


In mg/) 








0-0 










O-O 








1 


.0-4.0 









Artificial Streaa 

norm, dis.* In mg/t Burrows 
norm. dis. In kg/lOO kg fish Circulating 
clean, dis.* In mq/1 Ponds 



BOO^ 



0-0 

0-0 
7.0-ZS.O 



0-0 
0-0 



(M) 
0-0 

3-10.0 



0.4-5.35 
0.2-1.42 

4.3-13.6 



COD 



Suspended Solids 



0-2.6 

0-3.2 

72.3-163 



0-2-8 
1.12-1.32 



0-1.5 
0-0.48 
3.3-65.3 



0-0.2 
0-0.43 
33,0-253,0 



o.e-3.0 

0.39-2.08 
8. 6-78. 3 



Settl«4ble Solids 



Total Ammonia Nitrogen 



TKN 



NO3-N 



Total P04-l> 



0-0.15 

0-0.21 

0.76-1.22 

0-0.54 
0-0.39 

3.12-10.5 

0.001-0.013 
0-0.023 

0. 025-0. IS 

0-0.05 

0,002-0.21 

0.41-1.43 



0.01-0.18 
0.05-0.20 



0-1.24 
0.32-0.87 



0-0.017 
0.01-0.002 



0-0.13 
0.02-0.06 



0-0.15 

0-0.07 

O.03-O.3Z 

0-0.15 

0-0.09 

0.22-2. IS 

0-0.015 

0-0.007 
0.013-0.020 

0-0.15 

0-0.03 

02-0.36 



0-0.31 


0.045-0.178 


0-0.66 


0.022-0.047 


O.OS-0.98 


0.018-0.028 


0-0.68 




0.03-7.36 




0.30-2.79 




0-0.016 


0-0.043 


0.008-0.09 


0-0.012 


0.046-0.086 




0-0.04 


0-0.027 


0-0.17 


0-0.013 


0.11-0.41 


0.214-0.516 



Fecal Conform 



Normal Discharge 
Cleaning Discharge 



from: UMA Engineering Ltd. 1979. Salmon Hearing FactlUies Wastewater Study Haste CharacterUallon. Prepared for Department of Fisheries and Oceans, Vancouver, 

Zip. 



TABLE 3.3 SALMONIO HATCHERY CHARACTERISTICS 



Wormdl Hatchery Effluent Ponds being Cleaned 
Averige increase fn oigA Average Increase in mg/L 
Waste Constituent (range In mg/L) (range in mg/L ) 



Filter Backnasti 




Filter Bypass Water 


Average increase 


in ti\g/L 


Average increase fn sig/L 


(range in iii<t/L) 




(range in mg/L) 


48 




5.3 


(36-39) 




(2.2-9.9) 


158 




2S 


(60-296) 




(16-40) 


14S 




14 


(104-ZZ4) 




{?-18) 


5ml/! 






{2-15ml/I} 






1.34 




1.0 


(0.85-1.61) 




(0.85-1.37) 



8OP5 5.36 33.6 

(0.12-36.5) (18-49) 

£00 21,3 

(3-125) 

Suspended Solids 7,0 96 

(0-65) (85-104) 

Settleable Solids 3.5 85 

(0-35) (78-99) 

ABnionia 0.532 

(0-2.55) 

Tiai 

Mfj t.676 1,03 

(0.045-3.1) (,44-1.76) 

M(| 0.077 0.99 

(0.01-0.262) (0.71-1.35) 

Fecal Collforsi 



From: Liao, 8. 1970. Salsionid Hatchery Wastewater Treatment. Water and Sewage Works, Vol. 117, to. 12, p439-443 





1.35 


(0.44 


-2.66) 




0.83 


(0.6 


-1.11) 



TABLE 3.4 Salmonid Aquaculture Waste Characteristics in Ontario, 
West Central and South West Regions 



Waste Constituent 


Range 
{mg/D 


Average 

(mg/L) 


Number 
Samples 


Number 
Farms 


BOD5 


0.05-15.0 


2.67 


132 


18 


Suspended Solids 


0.3-103.0 


8.20 


216 


19 


Total Ammonia 


0.001-3.2 


0.51 


219 


21 


TKN 


0.13-5.75 


1.05 


205 


21 


NO3-N 


0.1-14.0 


2.19 


211 


21 


Total P 


0.006-1.16 


0.13 


218 


21 



Soluble P 0.001-0.350 0.058 218 21 



From: MOE, West Central Region, 1986-1988 Monitoring Data 
South West Region, 1986-1988 Monitoring Data 
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presented include samples taken during various operating modes and 
cover different types of farm structures and operations. The 
effluent water characteristics compare well with the values found in 
the literature {8.20 mg/L avg. SS, 0.13 mg/L avg. TP). 

Non-recurring wastes are also present at fish rearing facilites. 
These wastes include spawning wastes, such as blood, and chemicals 
used for disease control. In both concentration and total loading 
these components do not form a signicant part of the overall 
waste water characteristics from Ontario facilities. They are 
associated with activities in a relatively short period in the 
production schedule or a small fraction of the overall facility water 
supply. 

Chemicals used for algae or plant control in rearing ponds or 
treatment systems, while not directly required for fish production, 
are used to treat the rearing environment, can contribute to the 
potential impact of aquaculture effluents. Their use to date in 
Ontario has not been quantified, nor has their impact on receiving 
streams. The effect of the use of chemical treatments on fish and 
the rearing environment, while generally assumed not to be a fish 
flesh quality concern at the food fish level, has not been quantified 
to date in Ontario though the federal government is conducting 
studies in this regard. 



4.0 TREATMENT METHODS 



4.1 Introduction 



As stated previously hatchery effluent waters may be divided 
into two overall categories; normal operating flows and cleaning 
flows. As cleaning effluents contain significantly higher 
concentrations of waste parameters, less sophisticated 
treatment methods can be applied and achieve a high percentage 
removal . 

While numerous treatment methods are available to treat the 
effluent from aquaculture facilities, most of these treatment 
methods can be eliminated immediately because of relatively high 
capital/operating costs, highly trained personnel raquirements 
or impracticality to treat the quantity of water discharged from 
fish farming operations. 

Table 4.1 provides a list of technologies examined in the 
initial review of treatment alternatives. Table 4.2 summarizes 
the treatment methods examined in further detail for further 
applicability to aquaculture facilities in Ontario. A general 
description of each of the treatment methods investigated 
follows. 



TABLE 4.1 Treatment/Water Conservation Methods Reviewed For Their 

Applicability to Ontario Aquaculture Waste Water Treatment, 



Aeration and Settling 

Filtration 

Distillation 

Floatation 

Foam Fractioning 

Freezing 

Gas-phase Separation 

Land Application 

Reverse Osmosis 

Sorption 

Ultra Filtration 

Carbon Adsorption 

Chemical Precipitation 

Oxygen Injection 



Ion Exchange 

Electrochemical Treatment 

Electrodialysis 

Oxidation - Reduction 

Bacterial Suspension 

Algae Harvesting 

Ni t ri f i cat i on -Deni t ri f i c at i on 

Sedimentation 

Screening 

Polyculture 

Groundwater Recharge 



TABLE 4.2 Treatpient/Water Conservation Methods From Table 4.1 Selected 
for Further Study in Ontario Aquaculture Waste Water 
Treatment. 



1. Gravitational Separation 

- Settling ponds/tanks 

- Stabilization ponds 

- Swirl concentrator 

- Baffles in raceway 

- Lamella separator 

2. Screening 

- Microstrainer 
(Triangle filter) 

- Sweco concentrator 

3. Filtration 

- Mechanical filtration 

- Biological filtration 

4. Polyculture 

5. Aeration ^ Settling 

6. Bacterial Suspension 

7. Land Application 

8. Groundwater Recharge 

9. Ion Exchange 

10. Oxygen Injection 
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4.2 Gravitational Separation 

Gravitational separation utilizes the force of gravity to 
extract particles from a fluid. Density differences between the 
particles and fluid cause particles to travel downward in a 
quiescent fluid column. Sedimentation can be accomplished 
either by detention facilities such as clarifiers, channels, 
settling basin/ponds or in such devices as lamella separators, 
tube settlers or swirl concentrators. 

4.2.1 Settling Ponds and Tanks 

For the purposes of this study, a settling pond or basin is an 
earthen containment structure, designed to allow the 
sedimentation of settleable solids under quiescent conditions. 
A settling tank or clarifier has the same function, but is built 
of reinforced concrete and may incorporate in its design sludge 
collection and removal mechanisms. 

Settling ponds and clarifers consist of four main areas: an 
inlet zone, a settling zone, a sludge storage zone and an outlet 
zone. 

A well designed settling unit is provided with a compartively 
long overflow weir remote from the inlet, to prevent short 
circuiting and wind-induced inlet and outlet currents. It is 
sized on the basis of a maximum hydraulic loading rate and a 
minimum retention time. Design considerations will be discussed 
in Section 5.2.1.2. Earthen ponds or reinforced concrete tanks 
are most commonly either of rectangular or circular shape. 
Settling ponds and clarifiers would not normally serve as ponds 
for the culture of fish. 
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Sedimentation can also be achieved in a segregated section at 
the lower end of raceways. A fish screen separates the 
production unit from the in-line settling zone. Sufficient area 
must be allocated to ensure that quiescent conditions are 
maintained and settleable solids can settle within the detention 
time provided. 

4.2.2 Baffles In Raceway 

Baffles have been incorporated into hatchery raceways as a 
mechanism for self-cleaning. The small distance between the 
bottom edge of the regularly-spaced baffles and the floor of the 
raceway creates zones of high velocity. Solids are thus 
prevented from settling along the length of the raceway. Solids 
are moved to the last section of the raceway designed as a 
settling basin. This eliminates the need for brushing raceways 
and treating large volumes of water associated with this method 
of cleaning. A baffled raceway system used at the Michigan 
Department of Natural Resources has been designed such that the 
distance between the baffles is about equal to the width of the 
rearing unit and the space between the bottom edge of the baffle 
and the floor of the raceway is small enough to create 
sufficient velocity to move the solids down the raceway. The 
space at the end of the raceway for solids collection is sized 
aoout the same as the distance between baffles. Solids in the 
settling area can be removed by vacuum or pump and bottom 
cleanout drain {Boersen and Westers, 1986}. 
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The difficulty with baffles is removing biological growth froni 
the interior of the raceways and solids build-up in front of the 
fish retaining screen when an excess amount of solids have 
accumulated in the settling area. From an operational 
perspective, fixed baffles present difficulties to commercial 
operators used to moving fish between or within raceway units, 
though hinged or swing-away baffles may be substituted. 

4.2.3 Stabilization Ponds 

A stabilization pond also provides some treatment through 
gravitational separation. Its main purpose is, however, 
biological degradation of wastes. 

Stabilization ponds are relatively shallow bodies of water 
contained in earthen basins of controlled shape. They are 
designed to remove soluble organic wastes by bacterial 
biodegradation. They often contain algae, which use the 
inorganic bacterial oxidation products: carbon dixoide, 
ammonia, nitrite, nitrate, phosphate, etc., for photosynthesis. 
Large surface areas are required, particularly in Canada, due to 
the reduction in biological activity during the winter. Stabil- 
ization ponds used for the treatment of hatchery effluents are 
usually the aerobic - anaerobic type. These facilities contain 
three zones being: 

1) a surface zone where aerobic bacteria and algae exist in a 
symbiotic relationship; 

2) an intermediate zone which is partly aerobic and partly 
anaerobic, where biological treatment of organic waste is 
achieved by facultive bacteria; 
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3) the bottom anaerobic zone where sludge accumulates and is 
degraded by anaerobic bacteria. 

Stabilization ponds require the least amount of maintenance and 
operator attention of any treatment process. They could 
however, require a significant land area in order to provide the 
required detention period for total flows from an aquaculture 
facility. 

4.2.4 Swirl Concentrator 

A swirl concentrator is a modified circular clarifier in which 
the flow is directed tangential ly. It achieves clarification of 
solid-laden liquids not simply by gravimetric separation under 
quiescent settled conditions but by introducing secondary motion 
flows. The resultant solids migrate to the bottom of the tank 
and the position of the outflow exit point ensures a clear 
liquid is taken off. 

A swirl concentrator requires significantly less surface area 
than a clarifier. For example, to treat 50 L/s, a traditional 
settling pond may occupy 50 to 75 m2, while a 3 tn diameter 
swirl concentrator will require 7 m2 (Warrer-Hansen, 1981). 

Similarily to the swirl concentrator, the hydroclone (hydro- 
cyclone, cyclone) uses centrifugal force and free vortex action 
to separate solids from water. In a hydroclone, the pumped 
waste water or solids-laden water supply enters tangentially at 
the top of the unit, creating a liquid spiral. The rotational 
flow causes heavier particulate materials to move outward. The 
clean water flows in the upward spiral and out the top of the 
hydroclone. The particulate material and a percentage of the 
inflow flow out at the bottom of the hydroclone (Wheaton, 1977). 



12 - 



Hydroclones remove particles greater than 40 microns. They are 
therefore mostly used as pref liters to other types of filters. 
In aquacLilture waste water treatment, they have been used as 
prefiUers to biological denitrification filters. 

Although they contain no moving parts and are considered 
relatively inexpensive, their main disadvantage is the high 
pressure drop required and the associated high pumping costs. 

4.2.5 Lamella Separator 

Lamella separators are inclined plates installed in clarifiers 
to enhance their settling characteristics. By increasing the 
effective surface area and thereby decreasing the actual 
overflow rate, smaller clarifiers can handle greater flows. 

Waste water flow passes upward to the top of the Lamella plate 
pack. Flow is distributed evenly over all the plates. Solids 
settle out on the plates and move by gravity, counter currently, 
downward into a sludge compartment. 

Tube settlers accomplish a function similar to that of Lamella 
separators. 

Although these separators have definite advantage in achieving 
significant decrease in overflow rate, and therefore, increase 
the removal efficiencies within a confined area, they can be 
constrained by operational problems. Slime growth can plug up 
the small upflow return tubes of Lamella separators and tube 
settlers and the unit must be taken out of service for cleaning. 
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4.3 Screening 

Screening processes are similar to filtration processes in that 
treatment is achieved by straining solids from the water. The 
effectiveness of the screening process depends upon the size and 
consistency of solids particles, as well as screen or filter 
opening size. The openings must be small enough to retain the 
solids but large enough to minimize clogging. Removal of 
particles smaller in size than the openings is achieved by 
filtration through the mat of previously trapped particles. 
Screening processes analyzed include microstrainers and Sweco 
concentrators. 

4,3.1 Microstrainer - Triangle filter 

The Triangle filter is a Swedish designed self-cleaning particle 
filter manufactured by Hydrotech. Besides purification of 
effluents and removal of particles in inlet water, the Triangle 
filter is also used in recirculation systems, and ahead of heat 
exchangers. It is often combined with biological filters. 

The Triangle filter consists of tilted filter plates, made up of 
a stainless steel cloth on top of a plastic grid. It is easy to 
remove for inspection or replacement. 

Filter plates are available with different mesh sizes ranging 
from 30 micron to 100 micron. 

Cleaning of the filter plates is initiated by a photo cell 
sensor when the plates are clogged. This reduces the use of 
backwash spraying water to a minimum. As a result, the quantity 
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of separated sludge water represents only 0.1 - 0.5% of the 
incoming water flow. The spraying nozzles are positioned on 
bars over and under the filter plates and are moved along the 
filter during the rinsing cycle. 

The Triangle filter manufactured by Hydrotech has a flow-through 
capacity ranging from 200 L/min to over 24,000 L/min. Capacity 
varies depending on water quality. 

The disadvantage of the Triangle filter is its currently 
relatively high cost in comparison to gravity settling. A 
system rated for 115 L/s would have an installed cost of 
approximately $100,000 including two units with 60 micron 
screens, a back-up unit, housing, valving and backwash system. 

4.3.2 Sweco Concentrator 

In a Sweco concentrator, the influent is directed against the 
inside of a rotating cylindrical screen cage. The rotational 
speed increases hydraulic capacity and, together with the 
impingement angle, permits separation of solids finer than the 
screen openings. The rotational speed increases the centrifugal 
force to 3 to 6 gravities. Screen openings are 150 to 165 mesh 
size. Separated solids and the rejected portion of the liquid 
flow are removed from the bottom of the unit while effluent is 
removed at the periphery. Screen back-washing is controlled by 
a timer actuated spray to both sides of the screen surface. 
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4.4 Filtration 

Filtration is one of the oldest and most widely used process for 
the removal of solids from water. Filtration is also used for 
polishing waste water treatment plant effluent and in the 
treatment of aquaculture effluent to remove solids and/or to 
biologically treat effluent. 

4.4.1 Mechanical Filtration 

Suspended solids are "mechanically" filtered from the water as 
it passes through a filter bed composed of a media such as sand, 
finely broken oyster shell, diatomaceous earth or a graded media 
(reverse bed). Other changes may take place in the water during 
mechanical filtration such as pH modification or some biological 
filtration (Liao and Mayo, 1972). A feature of any mechanical 
filtration process is its need to be periodically cleaned by 
back-washing and some form of agitation. Significant reduction 
in organic (settleable and colloidal) and inorganic solids can 
be expected for most mechanical filtration systems though there 
will be little change in dissolved materials. 

4.4.2 Biological Filtration 

A biological filter is a filter system which achieves its 
removals through bacterial action. Various nutrients in the 
water are changed into other forms, hopefully less noxious than 
the original. The bacteria use the "filter" materials such as 
stone or plastic medias as a point of attachment so that they 
are not washed from the system. The changes in water quality 
represented by the metabolic by-products are the major point of 
concern in discussing biological filters (e.g. NH3, NO3, 
PO4). Biological filters provide a media for bacterial 
nitrification and BOD removal. 
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Most biological filters in aquaculture are similar to trickling 
filters used in municipal waste water treatment. Gravel or 
plastic packed biological reactor media is a common filtration 
{attachment) media with oyster shell or powdered calcium 
carbonate addition for pH control . 

A major disadvantage of biological filters is that they require 
a significant time to commence operation satisfactorily. Times 
of up to 33 days have been noted (UMA, 1979). This is a major 
disadvantage if this type of treatment system is to be used only 
for the treatment of hatchery cleaning flows. Also, biological 
filters are adversely affected by exposures to sudden changes in 
temperature or water quality (Liao and Mayo, 1974) and to 
antibiotics used for disease control (UMA, 1976). A minimum 
temperature must be maintained for optimum bacterial growth. 

Biological filters do have several basic advantages, including: 

. allowing the water to be reused a number of times 
. providing nitrification to remove ammonia 

improving temperature control in a rearing system where low 

water temperatures are a problem 
. providing a controlled environment 

reducing the concentration of suspended solids and BOD. 

4.5 Polyculture 

Polyculture as a waste water treatment technique is one which 
aquatic organisms, both plant and animal are cultured to remove 
nutrients, BOD, solids and pathogens. Polyculture systems have 
been integrated with stabilization ponds. The primary function 
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of aquatic organisms in a waste water treatment system is to 
harvest algae, detritus, insects and other particulate matter 
contained in the waste. It is acknowledged that fish will also 
add to the BOD, solids, and nutrient concentration in the 
treatment facility. However, in a balanced system, these 
metabolites will re-enter the food chain and eventually be 
consumed. The treatment systems may vary greatly in terms of 
configuration, species selected, and degree of removal effected. 
The integration of various species takes advantage of different 
feeding habits, thus optimizing overall treatment efficiency. 
Other elements to be considered in the design of any polyculture 
waste water system include water quality, temperature, food 
availability, substrate and space. 

Normal discharges from most intensive salmonid fish farms have 
extremely low concentrations of nutrients. Fish which feed at 
the lower (plankton) levels of the food chain are usually 
considered first for an effluent polyculture treatment scheme 
for hatcheries and fish farms. However, marshes containing 
aquatic plants with or without aquatic animals, are also used to 
reduce nutrient levels. 

Marshes are more suited to temperate climates and require 
harvesting to prevent an increase in BOD and nutrients from 
plant decomposition. 

4.6 Aeration and Settling 

This treatment method uses a combination of a short term 
aeration tank and sedimentation pond. 
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Waste water enters the aeration tank and is aerated for a period 
of time, usually one third of the total retention time (Liao, 
1970). Aeration is accomplished by bubbling air via plastic 
tubes installed on the tank bottom. Aeration raises the 
dissolved oxygen level, increases the contact between organisms 
and organic materials and activates the organisms, thus 
enhancing biological oxidation. The aerated waste water and 
activated organisms then flow by gravity to the detention pond 
where the solids settle out by gravity and organic matter is 
further broken down by biological activity. 

4.7 Bacterial Suspension 

This method of treatment involves the application of a bacterial 
suspension to the aquaculture rearing facility. The bacterial 
suspension can consist, for example, of Bacillus , Nitrobacter , 
Pseudomonas , Aerobacter , Cellulomonas and Rhodopse udomonas. An 
undefined chemical medium holds the bacteria in a dormant state 
for an indefinite period. When the suspension is applied to 
water, the bacteria immediately begin to utilize the various 
substrates. The bacterial suspension supposedly prevents 
off-flavor, competes with blue-green algae; reduces nitrate, 
nitrite, and ammonia concentrations; increases concentrations of 
dissolved oxygen, and increases the rate of organic matter 
decomposition (3oyd et al . , 1984). 

4.8 Land Application 

Treatment and disposal of hatchery effluent waters could be 
achieved by land application. The water would have very little 
nutritional value to vegetation because of the '^ery low 
concentrations of nutrients contained in it. There are three 
prinicpal methods of land application: 
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1) slow rate 

2) rdpid infi Itration 

3) overland flow 

In the slow rate process, the applied waste water is treated as 
it flows through the soil, a portion percolating to the 
groundwater and a portion being taken up by vegetation. For 
slow rate application, the application rate ranges from 1 to 10 
cm per week (DMA, 1979}. Surface runoff does not occur with the 
slow rate process. Both surface and sprinkler application 
techniques are used. 

Rapid infiltration is used in areas where soils are rapidly 
permeable. The waste water percolates through the soil to the 
groundwater. The land application rates excluding evapo- 
transpiration, for the rapid infiltration method range from 
approximately 10 cm per week to 380 cm per week depending on 
soil type (UMA, 1979). 

In overland flow, the waste water is applied along the upper 
reaches of sloped land and allowed to run overland to collection 
ditches. 

Treatment is achieved by biological, physical and chemical means 
as the water flows in a thin film. Relatively impermeable soils 
are required. 

4.9 Groundwater Recharge 

Techniques commonly used in recharge are spreading basins (also 
referred to as the rapid infiltration process) and injection 
wells. Spreading basins are often located on river beds where 
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soils permit large quantities of water or effluent to be 
absorbed over relatively small land areas. Spreading basins 
remove nutrients, pathogens and metals from the effluent through 
biological, chemical, and physical processes. Using injection 
vifells, high quality effluent can be recharged to one or several 
aquifers for subsequent recovery. While direct groundwater 
recharge is not a treatment method unless coupled with another 
technology, it is a water conservation technique. 

The largest groundwater aquifer recharge scheme in the province 
is the Mannheim Artifical Recharge Scheme. Within the next 50 
years, this system is proposed to provide approximately half of 
the total municipal needs of the cities of Kitchener-Waterloo 
and Cambridge (The Regional Municipality of Waterloo, 1986). 
Treated water from the Grand River will be directed to the 
Mannheim aquifer approximately 45 metres below the surface using 
recharge basins and/or injection wells. The aquifer will be 
used primarily for storage, temperature adjustment and taste 
improvement. The time required to test prototype recharge 
facilities and design and construct the proposed large scale 
project is five years. Water supplies from the aquifer will be 
available in 1996 at the earliest {The Regional Municipality of 
Waterloo, 1986). 

Groundwater recharge legislation was passed in Arizona, for 
example, as the 1986 Groundwater Recharge and Recovery Law to 
identify who can operate a groundwater recharge project and 
under what conditions stored water can be withdrawn. Arizona's 
water quality criteria for groundwater recharge is regulated by 
the 1986 Environmental Quality Act. It has been suggested the 
use of effluent for groundwater recharge may not be 
cost-effective if water treatment is required (Ambrose and Lynn, 
1986). 
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4.10 Ion Exchange 

Ion exchange is a process by which ions of a given species are 
displaced from an insoluble exchange material by ions of a 
different species in solution. The ion exchange material is 
most commonly placed in a bed or a packed column and the water 
to be treated is passed through it. Ion exchange has found 
application in water treatment and in advanced waste water 
treatment. It has also been evaluated and used for the removal 
of ammonia from hatchery waters, where the waters are recycled 
and/or reused within the hatchery. To prevent rapid fouling of 
ion exchange beds, the influent must usually be pre-filtered. 

4.11 Oxygen Injection 

The Danish trout farmers have devised a method to partially 
treat and recycle the water which is gaining increased 
acceptance in North America. After a separator has removed most 
of the solids in suspension in effluent water, an oxygen 
"injector" restores the dissolved oxygen content of the water 
and pushes out most of the ammonia. The incoming water passes 
down a large venturi -shaped pipe into which oxygen is injected 
through a diffuser linked by a pressure pipe to a standard, 
interchangeable cylinder. Further development of this system 
has been made for installations in both Canada and the United 
States with packed columns and U-tubes. The water can be used 
at least twice and sometimes three to six times over, depending 
on fish loadings and solids removal efficiencies. Dissolved 
oxygen concentrations can be increased with pure oxygen in the 
order of four-fold over concentrations obtainable from the use 
of ambient air alone. 

While this system increases dissolved oxygen values, it does not 
reduce solids or remove nutrients (Drummond-Sedgv, 1981). 
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5.0 DOCUMENTATION OF TREATMENT TECHNOLOGY 

Table 5.1 to 5.4 summarizes the findings of the literature search 
with respect to the technologies used to remove suspended solids, 
BOD5, nitrogen, and phosphorus respectively from aquaculture 
facility effluents. Specific design consideration, treatment 
efficiency, feeding and operating practices and costs were documented 
where possible. References are listed in Section 11 and a copy of 
each of the references noted is on file with the Water Resources 
Branch, Ministry of Environment. 
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Icenttr ttiictener (ectiun. 
Ilifluent treated it ) rite 
tof t tgd Kith ficilitlet 
Idesigoed to accoiuditt 
Uhli. 
i 
&S.B 12, linear cliriflertif.M 1 
IJO.te I l,22i deep. Total 

I 

JO.e IHoN 178.5 1/MC. 

:OverflD«/unU O.iB l/t/i2. 

IRT < 0.5 DDurt. 

I 

I 

to :3, linear claritiersi 34. 7S 
Ik 12,7 t 1,83 • deep. 
ITatil flo« - 881.78 l/s, 
IQrerfloii rate-,iii l/s/i2/ 

(Mlt. 

1 



Cleinin; i Feeding 
nethod I Hethod 



lypes cf 
Feed 



pond 

iweiiing 



t 
I 
I 

t 
t 

1 
draini at 1001 
(t.intervali 1 
in rKtiat t 



Retercnct 



3S 



4i,47 



13 



2: 



10 



J« 



M 



JS,U 



J5,16 



Couents 



Capital 
Coit 



-tor uttliig ot entire (leu aitn sludge retovil 
-attainiDlt only vitli the reeovil a( iccueulated folids 
prior to eeasurible OiqestiDd and (oltibilization 
tludge reioval iiKKtary at 2 deek ititervali 



dilficuU to iinagt. fteilhetic quality tncreated 



-hitchtry efHuent 22. Oi t3/ein. pravldtd yariible RT 
during rictmy cleinin; 

-cleaning xaitct aiter dilution mth osrctl Oitcnarge niter 
froi poodi not being cleaned 

-it 1 given RT, the concentration leivin; the settling basie 
it a tunctton o( the influent concentration 

•fo; ot settleable tolidi renoved if RT increased to 15 lin. 



-baud on lodel itudy 

-eifectm reioval o( Niste or^anics cannot bi attttntd by 

physical sediientation tlont 



-If RT • >2 brt cannot be achciyid during cleaning of 
racevayi, then deaniiQ (Ions luft be Mparated Iron nariil 
flout 



-eipected retovil (no actual results! 

-drtinio; off 2i igd over B hourt tiith B.! egd continuing 

straight through tank and returning to streai 

'dralni dirKttd to settling tank 



-during cleaning of riceaiyf 

-poor hydraulic design of inlet causes turbulence and 

reduces efficiency 

-during feeding 



-during cleaning 

-bas sludge-scriper systet 



bperttin; 
Cost 



t4.77IUS flt7bl 
/gpi capacity 



tl7,48(U5 IH74I 

vgpi capacity 

! 

1 

! 



I. 

ISUSKNDEB SOCIDS csntinutd. 




TriatUAt Elficiiiicv 
EHIutat 
(■9/11 



Uttgo 



4.1/8. I 

(Mifhtrd 
Aortil/ 



21-&e,f 



1 Ritmril 



9I.2-»(..S 120 I 80ft r»CMir, *'»idt 
tctnUf Mll,4H N. MitUt 

1 iFI<)«>85-HlO)(ii. (T»l-4hri. 

1 !Hr(i.to4ii ' n-^i iiHiii 

t i 

1701 tntle-i2, parti Itl 20 > lOOft 
;ttlt ulidilba&iti. i1 • iO no. 
I \Uttt deptti HI, Vdocity 

; l> LS tt/tm. 



! 



mi wttii-;2 rtcMiTii a > looft. 

Ubl* iolidslfll > 12 «in. VcUcttir * 

! It n/iit. oiptb < 1.: it. 



Cltuing i ft*ii*t 
RftM I Httliod 



rw •iiti to 

cliriMtr 



I 



! 87.3 f U llinur CMcrtti cUrif ktr 
i IfIT ■ O.S fcairf. Uditisnil 

t itrtitunt Kktl) iirttitt! 

I iftibiliiitiHv li;osii, RT • 

1 'i4 hourf. Otptti 1.1 1. 

1 I 

fiS.9/BS,9 llintir concrstt cUrlfiir 

;R1 > O.S bour. Additionil 

ItriitiMt iiltb Hrtdiii 

iltitUitition Uqoon, RT • 
I 12 hourt. Il*|)th 1.& t, 

I ! 

a I 10.2 UircuUr cancrttc clirifier 

;flT • 1 bburt 

I 

I 

1 

tcircuUr totcritt clirifitr 

nSit. dUteter nith Bft. 

iiidt mil iifiti. Ratitin; 

iiKbanicit iludgc colltct- 

lion. IT ■ MRiMi of 1 l>r. 

I 

M-M (fir Icircultr to«crni ctintur 
cltining IEHictt«c)r rilatct to 
IIOMi IJOllhydnuUc ioiJiog ratts 
of total .not SS loading ritn. 
IIonJ itank mti on basil of 
ideaolng tlons, ttnXti 
'.liti typt «ith iludge ri- 
Itoval ucbanisi. SSft m 
Idiateter mtli tin. tid; 
■MB :tfMkpth 



Ifpti of 

Fnd 



bottot dun 
o«it draint 



dtrtct pond 

COTttflti to 

drain iiKilc 
under norial 
tloM, bruili 
dona thfn 

reposition 
drain plug 

daily. 



t RcftfMCt 

I 

1 



IS 



23 



23 



3e 



38 



38 



Si 



S8,S9 



CoMcnts 



-at a fivM AT, tnt concotration Kavin; tnr ietllinq baiin 
It a function of tlit influent concentration 
•vacuui c I fining concfntritiont 



-flow tprtil tvtnly across Ridth as «ell as vertically 

by tbl use of scree«s 

-Mien aidtti of taut is increased to 30ft. and depth is 
reduced to ffl., re«o»al of settltaSK solids=en5fil=30 am, 
-lotei increase m depth (or 1 gi*en Ft! nay result in 
decreased efficiency 



Capital 

Cost 



-during cliinlng/over 24 hour period 

•Uit4 «<(iciMtyi 21 over 24 hour period Mitb lagoon 



-during cleaning/over 24 Hour period 

-added efficiency: 21 over 24 hour period mtti lajoon 

•tHthetic quality increased 



-during cleaning/over 24 hour period 



-projected daily (asttutter floH of 30,0C0 gallons 



I, 
-bench tests indicate 90-TOl of 5S present in (leaning 
floas could be resettled. Hsueyer cleinin; flo«s accoijnt 
for 20-251 of total SS, so treatient of cleaning flons 
result in 18-201 reduction in total SS i iS-301 reduction 
if total floii considered 

-solids frot clarifier directed to tank - sludge concentra- 
ting holding facility 

-based on fish loading of il>00 lb, sludge volute frot 
dan fier aould be ' 100 gal /day at 31 solids 
l^al (l^^^atcne^^^t. ^^^ ^^^ ^^^ 



Operating 

tost 



^SUSPENDED SOLIDS coatinutt. 



Irtiticit ; 
Prottis 1 


Ireitnent EKicjency 
InOucnt ! EMIutnt > 1 iietovjl 

iiq/ii : 119/11 : 


; Lesiqn 


1 Cleining 
1 nethod 


; -- i 






1 »-Bl 


12 btsinis 4 I 10 I <■ deep 
tRT > B4 iin. 


linfrtquent 
liAttrMli 


1 " i 






1 33-81 


120 I 5 I 1.5i deep bisit. 
IRT = 50 iin. - idditionil 
IconraluteA thinoel 


ilntrequent 
ijntervils 


:-LiwlU trpiritor 1 


5.2-31,4 1 


0.4-5.0 


1 45. i - 80 


liloa 75.7 l/i. Overlloa 
lO.lS l/i'i2. 200 plites 10 

lust. 




1 " 1 


l.l-IO.O t 


1.2-7.0 


1 40.3 


iflon up to I3B7.B3 1/1. 
:D*er(to<i 0.34 l/s/(2. 
IISOO plitei in 3 b)yi. 

1 


IieH dein 
ipcndtGurrOiiil 


!- StibitiiitiDn pond t 


0-55 1 
(nonlll 1 
B5-I04 S 
(clcminqll 




1 40-46 

1 54-65 


I 

14 niturii reirinq units 

14.5 icre each. Depth 6.2H 

: - unstabtliied pond- 

: R1 « i - 4 diys 

1 Floii • 2. J - 4.7 tqd 

1 - itibilited pond- 

1 Rl • 2 - 6 dirt 

t FlQK ' 1.54 - 4.6 ijd 




1 

1 

1 


32 : 


8.8 


; 60 


[4 niturd rejrtng units 
;4.S icrf Mch. iefn i.lfi 
lAverige detention tue is 
13-4 d*yi, Avenge 800 
lUading 50 lb lOS/icre diy 
1 
i 
1 

t 

1 

1 
J 




:-S>irl CDactfttritor 

! 

! 


5-50 
1 5-50 
1 5-50 


\ 


: 84 

1 SO-40 

; 20-30 


icirnlir tuk, iloa 11 

(directed tingentiilly . 

IDeiinds i sull irei 

Itgi 50OUs flDH requires 

\i ».0 1 duteler sirirl 

Iconcentritor and jrea ai 

164 12. 

I 

I 

I 





Feeding 

nethod 



Mtittion 
4 I diilr 

sit lit I H 

4 I Inly 



typei of 

Feed 



drr 

pellets 

dry 
;iell(ti 

net leed 



kefertnee! 
I 



Cfielenti 



Cipilil 

Cost 



33 \ -increiscd orgtnic loid Id river dui to mire^uent cleinitig 



33 I -Increised orgjaic laid to ri»er lue to mtrequent clejninq 
i -tolidi (leftDSttlon ilong tides - poor design 
I -tettUfig dlflKult due to Hoc breit-up 



35,16 i -during diMing 

I -lowr eiUciency thin cipected due to btolouhng 
I 

I 

15,16 I -tHiciency Ioh Sue to loi influent dunng {leimng 
I -kiaiouling 
1 
I 
I 
I 
30 I -eiOuent not eHected ty lisb in pond 

I -ttlbUl2ed ponds suHicient (or pollution control 

1 

1 

1 

I 

I 

t 

I 

I 

SI I -f«» Mtte cmcentrttioM (or entire Hm deteriintd by 

; Nttgthinf conctntritions of noreil I cleimnq (Idks itsuiing 

1 201 of poUtttint loid ditchirges during deining 

] -independint o4 ahether or not iiih ire in pond 

t -liad requiretents iiy rule out ipplicition 

I -over ytiri, iccutulition of sohdt liy result in necessity 

i ta diipoie oF solldi - eijor eipenditure in coits ind 

! ■ififoner 

! 

I 

I 

» 

I 

61 I -toibined use aitb self cleining circular tanks 

! 

61 ! -fFFluent Iroi earth pond 



I -etfluent (ro* eirtn pon^ 

? 

I 

I 



mil 



•aU 



D^eriting 
Cost 



ml 



nil 



(30,20 (US 11476) 
;p« cifiacity 

126.90 M tl476l 
g;i capacity 



FIDM 


1 

1 


COS! 1 


l/s 


* 


O.kr ; 


50-75 


3 


20.000 1 


(«547J.0O CON, 


$14871 


100-250 


6 


35.000 • 


(19578,00 CON, 


114871 


250-500 


4 


75.000 


l»20525.00 EDN 


, 114871 



iSUSPEHDED SOLIDS cootinufil.,. 



1reit*tnt 
Prociss 



TrHtMiit EHlcitncy 



Ofiifn 



I lodunt 



EtHitivt 



I Stuvtl 






! I 

fttfiriftci! 



-t- 



CMuntl 



CMt 



I Catt I 



^t 



l-ttHltl )n rlCMar 



;SCREENiN6 

I- lltcro«trnr»r 
HTrun^lt lllterl 



1-9 



15-30 SI2 1 ill. cDnetatritDr. 
ifofld irti > SOOO 12 



■it) itet irDuKt tink i - k» dliHttr 
•ast r*qi-ll-1.5» 4(«p, stoptil boltoi 
riunti 1)4 1 font tunnel to ctntrt) 
tiniih HifllfuM. EOlutnt it Alrtctet 
luthoritf itraund ttnk troi botto*. 
iSludqi lutQ puiftd irM 
Itui; tt prtsit inttrvili. 
iCllir tHtutnt piptd aH 
Itop. Dptritti br qrivity 
ItHcipt slud^ putp). 



12 I lUHcr ! 

lc/« iihiuittrl 
\ i 

I I 

I t 

1 t 



■u. 



2J/<1 



! 47. » •/- 

I 38. a 

( 

I 202.5 ♦/- 
I 110.7 

! 11.93 W- 

; 13.35 

I 

; 10.60 *i- 
: o.tt 



csntiitiAt 1 SS cofltrpiidittinci bttwea itiUn 

ichievt 4 i to itm, !• nldth oi unit. S|)icc 

(<)/l-}Odtr S POOO IbttuHD t)l4fll I iloor 

ivtrtjt, i i fHtctivt liMll inoujn tp crutt 

■f/l diily i IvtlKitr ta nvi loUdi 

1 tlO.l'C.4 tlil. Stttling 

I tbtfin i\ end ttu ii 

t Idtitinci iitiiMA biHUt. 

;| ItiffUi l.S'li* iluitnui. 

I Ifriquency ot (Plidi 

I 'riiDvil dtpendi on iiouAt 

I M food iidi O.SI;n/«in= 

1 i2 I iMth, I.S-21t9/WiiP« 

I l!-4 d4r. 



<W{1 



i.O */- ! 

4.8 ; 

12,21 ♦/- I 

10,51 i 

! 

5.« */- ! 

1.0? J 

I 

1.50 •/- 1 

o.n 1 



bi 



fu, 



iiloa r<t( 10-20 l/iK. 
lUo ilopid iOu Hlteri 



tllM ritt 17 \Htc. 
iBOu 411 tir 

Iflmi rttt 17 l/i(c. 
;i3(i filttr 

IUo> rate 10 1/stc. 



ifloi tiii 230 Wttc. 
iSii BPu I lOOu hltrri 



1 
I 

I 

I 

I 

id lily bruth 

Hluditng by 

:tt«fl<ipipt 

IrHOV)! 

I 

1 



1 1 

i dilly I 

S I 



dry 



40 i -20-301 OKtflM Itirou^h 12 ■ dii. cMCtnlritor, rtttitiatf 
t througn 1 2 coipirtt»At pond aitn in irti at SWU i2. 

1 

12 t -If paly oi tut iiDen Hil) rtirtd in tink 

I -inttrchjft^t tt mttr in titiki igHicient tP ketp sal ids in 
: MtpcnstBO 

i -4a Mfiritor tint should it iblt to rtMvt tolidi Irot 15, 
■ t t ittcr diiMtir tinki 

1 -l.4« mttr dtpth «t ftriphcry ind l.7i diptli tt center 



I 

I 

; -THOVt tolttft »ith vicuui sr bottu ittnl pipe 

t -l*Hltl Incrnii the difficulty in reioyinj bioloqicil 

; ffonth frot vtlU ind battel 

I -kitn't Norktd h11 (or like tmut but tHectiye ■ith 

I rtitbM, krpoi iiid Irpwi trsut ind iilion 

I 

I 



•tbould bindli regulir tibk <Idii ind Httr frot duly 
ilHiliiit) ind cliinm; 



-Miv«laf»k I Nwiiiy 

UM nettl diti a ftpofttd 

-Uvilortk / Hormy 

UM iiDtei ditt II rifortid 

-Lihoii / Snden 

UM oGtei dtti u rtpcirted 

; -StimllRivu / ititn 

I UHA notfi diti IS reported 



I 1 ■ 

I : : 

l-vKuui retovll aori Ubor I 

I thin cipltil intensive ', 

i-stind pipe greiter cipital! 

I cott offset 10 ti»e by : 

reduced libor I eQuiptint t 

cotti > 

1 I 



SUSPENDED SOLIDS tontinutd. 



Ifjittent 



-S»(CO conctntritsr 



flLTRSriDH 
-Sielogicil filtir 



Influent I Elflutnt 
(iq/li S (•f/U 



».50 »/- 

1,50 



2.0 tl- 
1.0 



I 
I 

>40il/l 1 <].]ll/l._ 
IsettleiblellstttlMtlt 
(olids) ; soMdf) 

i 



1 Ritovtl 



Ptiiin 



liloa rite 20 Wicc. 
llOCu filter 



I Cltinin; 
! ntthod 



Ijiflutnt directed i;ain>t 
!the inilde at t rotttin; 
;c|rHn<iricil tcreen cife. 
ICtntritu^il force 3 to 1 
igrivjties. Screen o^eningi 
:iS0-16S lesh. Sohdi ind 
Imtte MoK out bcttot. 
Ill inch concentrjtor. 
Ilipingeient velocity of 
il.J to } (/(. t'enphertl 
iveloiittr iA to ^.i (/I. 



I 



37 ta ST \H tt liytr trinite led- I 

iiue. 811 pjrticlei 1-2m. I 

iUj)flo«r rite l.at l/i/t. I 

lOwftw riti 3 tiiun 1 

6-11 iu|>ftiM hltert O.Ii oyster 
ittiell on O.fi mfer type 
Icorrugited hurt glisi ind 
Ipliitic snettt 

72-66 liJoiinlloii filteriCrot toltoi 
I to top, 225-lOti stone, 7S- 
llBii crushed rock, 7S-Hi 
Ignvil, 77it tlllci girnit, 
!8S» girnet, 25D» tind, 
IMOm inthficite 

43 IdooiiHo* ftlteritro* kottoi 
Sto tof, I20D-I0ii stone, 
!30(iii oyster shell 

43/41 Idoontloi (iltfritroi botto* 

Ito top, 225-10t» stone, 7i- 
DBii crushed rock, tODti - 
10.7 ind 0.2ii tjnd, 300ii 
loytttr itieU 

t I 

! I 

;iube filteri irith 931 void I 
iipice. Ftltrition rite • 
!S gpi/ftl. Tubes inclined 
!it ti degreet to boriicntil 
;ii<d ire round, squire or 
ihetigonil. ndius of tubes 
Iringe froi ] inch upmrds. t 



Feeding 
net hod 



lypis of 
Feed 



Reference: 



S7 



tt 



S2 



52 



S2 



S2 



4S 



Coueott 



! Cipittl 
i Cost 



-Orkilljungi / Sceden 
Um natfi ditl it reported 



-continuouf bick aismng it 10 to 2SI of concentritors 
cipicity ure detirible than interiittint bict msning. 
-uste flo« i( } to 2D1 of floa to codccntritor. 



-(unctioni effectively atien 40 - SO I of solids hive been 
lettled in seliuntitioti tink. 



-reioval efficiency bised sn Uaiis of 10 to 30 t/iec/*2. 



-tute filters induce sedi tent it i on 

-turbidity not itproued 

-flDn of msteniter upnard through tube fillers provides 

sediientition 

-tlustering of tettleible solids ciusen by their doii;iiiir<l 

■avetent igiii^st the flon peraits eisier retovil 

-tore reseirch needed 



-reisvil efficiency based on flOKS af 10 to 81 l/sec/e2. I 



-reioyil tffioetcy based on flatit of 10 ind 20 l/sec/*2. 



-reioval efficiency based on floas of 10 and 20 Wsec/i2. 



Operating 
Cost 



SUSF'EltDED SOLIDS cuatintiet. 



treiticnt 



AOUACmiURE 



mmnH kscTRiHG 



Inttiint Elhcifncy 
Uflutnt 1 EHIutnt i 1 ShdiiI 



tfiijii 



0-55 

Inoriil 

tHlutnt! 

104-224 

Hi)t»f 

tucktiisltl 

7-18 

(fllttr 



Z2 



d.e 



pstcntul 



I 



loHr thinlcDiiiltti si uritia« tinli 

loun 1(1 lind dttfnticn pond. >iste 
littling Imtir eittEri ttrition tinli 
Bisifi UrriUd 1/J a( totil fll. 

iPliitK tubing it tinli 
U4&-i3) Itottoi tubtlcs or into 

iniitt Mttr. 



I 



{ Ml ;i ctll lystM could Ci 
; lyw<i 2 ffttling, I tir- 

■[ litlofl. Air iupplv ringt 

t lO.l! - 0.27 nv<ti\. 

1 lt«til dtttfltiOA • S hr. 



1 



Htthsl 



fftting 
Htttot 



lyptt of 
Ftt4 



! 



Coufnti 



; lyttei ui«d only durino piriodt o^ paN dtininq otheraue 
I nitritfit livcli too la« 



1 



30 I -ttrttim incrmti coAUct betntci orqaniiii lod iht 

I organic iitcrlili 

; -atrited Mste Mtcr ml ictiMtet or;t(inis Mdm to 

t Ktintton pondi iihtre solidi uttle iM oroinic •liter u 

1 iurthrr broli(n do>n 



I 



I 



I 



-uttlio; bisin ilHiqn ttiould coniidcr iluO;f riiovil coi 

coflcritl clirifltr aith itchinicil lludgt rtt&vii gr 

2 ttrtdtfl ponds dHl^ntd tor dttrnitt dtalttrln; / sluDge 

rnovtl 

-tfflutet chtricttfistict lith 1 - l.S bDiir atratiofi md 

} - J.S hour (ettliog 

-rm iMlti coACtiitritloni (or intirt flM dtttrained by 

Mithtlnq conctatrttioni of ftoritl int cleiniag flout 

(Huiing 20 I of poilutint laid dischirged during cUininc 

-fllot pUnt triitrd both noriil ovcrlloii ui bictHithiitg 

■ittr, iftcrttitd polluttnt contintritions did not itpiir 

trtitMnt tffUitncy 



Capitil 
Cott 



Dpfriting 

Cost 



t 
1 








Tft«.£ 5.1 








1 

1 








ABUACULIIME VASTEWIEA mMI&»1 FW BQII 








1 

1 Of-StD-Bb 
















1 — 

i Irtiticnt 

i 


Trtitunt Eiftci 
ln)lii«nt ; Etflutnt 
liq/tl > Ito/U 


tttCf 

i 1 Re«Dvil 


Desiqn 


; 1111 
! Cleaning 1 feeding ; lypes of 1 R»«iriwtl 
; net^od l Method 1 Fred : i 


! 

Cuieiiti 'i 


Cifiitil 

tost 


; Operating 
: Cost 


ififlAVlUllONAL SEPARAtlOK 
















t ' Sitttinq tMiiliinii 




1 9.i 


«atu» trtited O.Olt till 
ST < SiO tin. 


: i 1 ill 








1 *" 






ui SS rctovMl itjtii evtf- 
flH nti ' (40 i3/i2/lir. 
Ltn;th to RT • (4 i/iit. 


! t 1 1 If 


Tfuvil unlikely * SS ( 20ig/l, suggests m is soluUe 1 
tnd unidected througn settling pond i 








J -» 1 

(111 1 

1 -m i 

I8S) t 
, l.i - 48 t 
, IJ.S) t 


t 2& 


MB > 14 I t,Si ieip. 

iDtil »ol.» 215000 litirs 

Infio* • IIOOO Uiin. 

RT ' 14 till. 
1 
1 


! flushing 1 d*ily 1 (lotting 1 14 

t 2 lia. 1 1 1 


•(yring tnding ' ! 
-during flushing titdsh t 
-during norial lettbohc activity 1 ! 






1 




i to lit 


RT < 8 to IS ain. 

1 


t 1; 1 S 4S 


-H4li»iit iroi circ«lir pood 1 








: 2?. 3 : i.l 


1 J5 


1 

(ipectri) Kltlt 1 conventicm- 
lil prop»rly designed ind 
loperit«] SEttlinq pond. Far 
liiiiiui efHciencf hivt 
'tisin receive cpnstint 
{Hon of cleanin; niter. 


liiiiiui tUel t 1 SI 
linteml fori ) 1 
ItoliOs re- 1 i 1 
Siovil (roi 1 1 1 
[settling 1 1 ! 
ipond is 2-J ; 1 I 
iaeelis 1 1 1 


-citining floa, ih ttris of thtirt iiisti (Ion stdiientation '. 
of cleaning lloa irould result m 151 reduction oJ BOD, : 
aifiuing 201 of bDD loading is discharged diiring cleaning S 
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leipectid mtK properly 

Idestped md aperited 

Istttlmg pond 
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-For itttlitig 0* entire flan mtnout sludge reiovtl 
; -solids allDned to settle and decsapo$t through bactrnil 
1 cotposition 

! -possibility 0* slight increase in 6QD during clunins (lo« 
1 -ultlute disposal of skdge 1 or 2 tises i year to 
1 laintiin treattenl elficitncy, 2 basins necessary in order 
1 to taintain treattent during solids distiosal 
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1 -For fettling of entire (Ion nithout sludge re«ovil 
1 -attamalile only «ith the reiovil of accuiulated sohds 
1 prior to leasurable digestion aid solubiliiation 
t -sludge retovil necessary at 2 Keek intervals 
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Prcci«$ 



TrtiUtnt iHicitncy 



Dtsiqn 



I MUM 

I (ig/ll 



34-204 
13(I0-32M 

UtCUUltd 



5,4-iO.o 



Eftluent 



1 Reiovil 



1 CltiKin; 
I HethDd 



<n-m 



4.0-20.0 



1 



i.Mn.o 



i 



I.M.S 
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J.l 
■fi;ht(il 
nor ill/ 
C 1 ein 1 nQ 



T0-9J 



0.5-7.4 1 0.1-7.0 I 



It-It '.rKsutniti detign lor 
ipemd It II hitchines. 
IRT ' n tin. ar iii. over- 
inoN 0* l.S iftfiU, loo 
Ifarthtn pandi.Stpiritjan 
lot citinin; (iMt froi 
Inoriil ilfliii. At 12 hitcd- 
Itriis rccaiKnilM ia$t 
ifori ot vKuui iT«CM ■itli 
Iflms oirectrt to cuncrttc 
ibitioi «iiM lor (ll=5-7djy 
I 
1 

:2,lii)(ir cliritiersit.M a 
!30.48 I 1.22t (Mp. Tatil 
!flo* ili.i I'IK. 
:OvtrtlM/<init 0.4S l/i/i2. 
;RI ' 0.5 hours. 

I!,lineir clirili*rsi M.73 
: ;> 12.7 I t.Bl I ittf. 

I ITotil iloii ' 881.78 Ui. 

I iOvtrllM riti'.ti l/i/t3/ 

! iMit. 

i I 

1 I 

; J9.2/7i.7 lli«»»r cMcr»t« eliri(l»r 

I 1ST * D.S hnir. Alditiooil 

I Itrtttitnt Kith tirthtn 

I lttibili2ation ligoiin. 

; IRT > t tiDufs. Dtpth l.S t. 

I t 

i BB.2789.3 llinttr coftcrtti clirilicr 

! IRI ■ 0.& hour. AdditioDtl 

'i Itrtitifnt Kith ttrthen 

; titibihiitlon ligaon. 

1 ;RT = 2 hours. DtDth 2 i. 



«I.t> 



J2.2 



71.8 



dtining 
(Ins ira* 
vtntun in 

Vtit ¥i(U«l 

systei rittn 
stttltiDUiy 
better thti 
puijied Ha* 



I 



90-^5 tor Itifculir concrtt* clirifierl 

tleinin) lEHuiency reined to I 

Wani <,in;tiyiriu\ic loading ritts ' 

ol total Inot SS loading rates. : 

floii) Itank tiled on basu of I 

Itleaning lions. Center I 

iieed type trith sludge re- i 

iiQval lechantsi. iHt tn ! 

:diaieter mill iiniiui side ; 

:ititer depth ol lOH, I 

I BJ.S/7i.7 Uircular ccmcrete clarilierl 

1 iRT » 4 hours 1 
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direct po«d 

[ontenli to 
drain ariile 
tinder nana 
Hon, brtfsn 
doan tMn 
reposition 
drain plug 
daily. 



bt«, clean 
out drams 
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Method 
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Feed 



Rttiriflct 
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IS, 14 



U.li 



38 



18 



58,39 



18 



COUKIti 



Capital 
Cost 



I Operating 
I Cost 



-rnulti ot a study d( 2ti tilton kattbenes in Coluihia 

Rivtr 

-coi|>artion of aastc strengths of iclettet cleattng iloas 

ted D* the supernatant Iroi tries* flans alter 1 hour ol 
settling (or S hatcheries confined tee ellectiveness af 
(iiple sediwntatian as a treatient utnae 



; I0.14IUS lH7«)')h.fish 
I I0.49ICW »!987l/l)).fisn 
(average loiteitnt costs 
in a year (or 11 totueoia 
River hatcheries. t 



-durlag cleahin; oi ruMiy 

-duriag fct<l«9 

-units drained, sludge toved to collection channel t reioved 

■Ith truck (ounted liguid lanure spreader. 

-tiiriig cleaning 

-ttch unit ktt sludge scraper lyttei (or sludge reiovil 



-during cleaning/over 24 hour period 

-iddtd ifficicncyi 151 over !4 hour period Mith lifoon 

•testkttic increased quality 



-luring cleaning/over 24 hour period 

-dddcd efficiency: ISI over 24 hour period aith lagoon 

-aesthetic increased i|uality 



-tancb tests indicate 90-951 of 808 present tn cleaning 
flOKS could he resettled. Hoaever cleaning flows account 
for 20-251 of total ib\i, so treattent of cleaning floas 
result in 18-20! reduction in total BOD I 25-}0! reduction 
if total floa considered 

-solids froi clarifier directed to tank - sludge concentra- 
ting holding facility 

-based on fish loading of 4&00 lb, sludge volute free 
danfier aould be ' 100 gal/day at 31 solids 
-tottl (Ion to hatchery 90Ogp*. 

-Airiftg clti*ing/Dver 24 hour periGd 
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- Nicfo strjiner 

ilninqle filters! 



Treittent EKtcifncv 



Design 



Influent 
119/11 



EXluent 
Itg/ll 



(i.l2-Ji,S I 
inoriili i 

(cltaninil I 



?.5 



I J - 20 



!.e 



I Retsval 



; Cleinino 
I net hod 



J. 3-5.1 



<10/76 I <10/U0 



14 nitunl rtinna units 
H.i icres eicn. Hater 
ideoin i-iH. 

32-33 i - unstibiUzed fMi - 
i Fla< ' 2.27-4.7 ino 
1 fil = 1 - 4 eiys 

4B-bS t - ftabilized pond - 
i Flsv < l.S4-4,6 (;d 
I 81 ■ 2.3 - i days 



I 
to 14 naturil riiring pandt 
14, i acres lacn. Hater 
:depth S.2(t. Aytraqe 
Idttcntion tut 3-4 days. 
;Aver)qt BQ£ loadinq SO It 
IBDD/acre day. 
I 
I 



Fteding 

netkDd 
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120 I S I l.St IHO batin. 


Untrequent 


1 tttiitisn 




!RT • 50 iin. - additional 


linttrvalt 


1 4 1 daily 




konvoluteo cl^annd 


iieiMvttt) 




12 


12 bistnsi 4 1 10 1 4i itt^ 


linfreqiient 


t titiatian 




IST - B4 tin. 

1 
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llntervili 

UetctvtttI 


1 4 > daily 


proport 


! 

lonlcirculir tank, {ton Is 
idirectid tanjentuUy. 
iDetaods a siilt arei 
leg! SOOWs tlOB requires 
'.a 4,0 i diticter siirl 
Iconcentrator and ant sf 
164 |2. 


1 OS 
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1 nt 
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117 t dii. concentrator 
I Pond area = BOOO 12. 



iflON rite WO-1200 1/iin. 
I Too 1 1 oped idii {liters 
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) 

Idaily brush 
it (lusttinq 
I thru staad 
I pipe 
I 



daily 



lypes of 

Feed 



I Deterenct 



dry 



ory 
pdlittt 



36 



3« 



30 



13 



33 



40 




-luistitiilize^ • BOD loadino rate l.i - IB. 6 U/acre oay I 



-ttttilllitd • fiDD loading rate 24 - 70 itltcrt day 



-rw aaste ccncentrations (or entire floa dcteriined bv 

Htiqlitiag concentrations of norial and cleaning (ions 

attuain; 20 I of pollutant load discharged during cleaning 

-independent ■httltcr or not there it iish in pona 

•land requireaenti lay rule nut land application 

-aver years, actuiulatlon o( solids tay result in necessity 

to dispose oi solids/tajor eipenditure in costs t tanpoxer 



-iRcreised Drgtnic load to river due to inirequent dcantno 



siali 



-SDD reioved, is that associated mth suspended solids 



-20-301 outflo» through 12 • dia. concentritori retatniier 
tlirough a 2 conpartaent pond aith an area of BOOO •!. 
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Ijperatint 
Cost 
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mi CDdtiflutd. 



Trtititnt 
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IF1LTH«I]0N 

l-BiDlogicil filter 



iSACIEfilAL SUSPENSIQH 



iAERATlOH i SETUIKS 



Irtitteitt Efiicitncy 
Influent I Effluent t I Reicivil 

l(;/ll i ttijll] ; 



Design 



I CI tin I n; 
i Ktthgd 



0,12-14,5 

(narul) 

Ji-W 



I I 

I Hilter 
I tuckmsm 

: (inter 
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linUuent directed i^iinst ! 

Ithe insiit; sf i rotating ! 

icylmdricjl screen ci^t. ! 

ICtntritugtl force J Co i t 

Itrivitifs. Screen op»ninqi ) 

USD-US lesft. Soliils mi i 

iuittr tlDii out batta*. I 

!1! men concentritor. I 

ilipingeient vilocity ai I 

\l.i to 1 «/s, f'eripheril I 

ivtlocity 1,4 to 4.3 i/i. I 
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13-4 



4»-45 



3«>/2l 



41/J5 



I I 

lu^floi (titeri D.3i iiyst«r I 
Ishdl on O.H nifer typt I 
Icorrugited fibre gl»t init I 

IflUstlc iheetf S 

i 
I 

Idomfloa filttrifrai bottat 

tto top, 225-30 u jtone, 75- 

llSu cruslied rock, 7S-fii 

lorivit, 77ii iillci ftrntt, 

;B8u 9irnet, 2S0ii sind, 

MIOit inttirinte 

I 

idovnfiM (Uitrtfro* bottoi 

ito top, 1200-3au ttont, 

;300ii oyiter (hell 

IdoHnfloii filtirifrot bcttoil 
ItD top, 22S-!0ti ttone, 75- 
llBti crushed rock, fOOii- 
10.7 ind 0,2h stnd, Mit 
loytter tlitll 



no iionif. Iiddtd 4S i 10*f buttri* I 

ditferenctiper liter I 

treited/ i I 
untreated I 



Sttrition tink and detention 
ipond, aacti niter enter* S 
iaeration tank, latte «ater ! 
lis aerated 1/3 of Rl. 
iPUstic pipe add air to 
ibottoi sf tank, 

80 :ft1 ' 10 nours 

! 10 IRl « 4 (lOurs 
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Feed I 
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32 
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30 



CoMent i 



Ci^itil 

toit 



Operatino 
Cost 



-continuous back nashinq at 10 to 251 of concentratocs 
cagacitr tare desirable than inter«itta<it back HasHind. 
-•aste Hoa is S to 202 of floa to concentrator. 



-reiovil efficiency based on floms of ID to 30 t/sec/t2. 



-reiQvel efficiency based on floits of 10 to 61 Wsec/i2. 



-reiDVil (ffictfricy btied on flois of 10 and 20 l/tec/i2. 



-fiiavil efficiency biftd on floits of 10 ini 20 Usec/a2. 



-pond volute 400 i3 

-Mtd Al^U) lacta Aid in catfisti ponds 



-aerated MSteaater a«d activated srganisis Hoa to 

detention pone 

-coebinitiot of itiort ten aeration and optiiat air supply 

rate 0.13 - 0,25 ft3/oai 

-increasing air supply did not increase GOO reeoval 

efficiency 

-ratio of (tJ of air per lb of SOD reio»eO is 2000-4000 

-R1 as iiportant at initial flbll concentration tor reioval 

efficiency 



SOS conUnuFd. 



LAND APPLICATION 



Trestttnl : Irtitient EHuiency 

Procesi 1 Idtlutnt I EMlucnt I I Rtiovil 



ftesiqn 
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1.S 



;.5-i.! 



LI 
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GO 



l.S-2fl 1 B-tl 

t 

i 
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13 Itti i^ittt CDtlld it 

lusedi 2 sttthng. 1 

lierition 

lAu (upply r)ii(( 6.11 - 

10.27 n"3/(»l. 

Ilstil dttentiaa - i hr. 

t 

I 

I 
! 
1 
I 

t 

U cili svstH ceuld te 
luitOi 2 s»ttliii9, 1 lef- 
iition. Air (apply rin^t 
;0.24-0.33 <t3/qil, iverije 
[0.2t ftJ/gil. iDtal 
llttiAtion ° 10 hr. 
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Caucnts 



-itttlinq bisin ditisn cnouid coniiotr tluisqe rtiovil eqs 

concrtte cUrider mth •ecliinicil fUdge reiovil er 

2 eirtlien ponds dtiiantd for tltrrnatt deKitei-inq f tlud^i 

rnbvil 

-»f*lii«(il crurjctefisticj «it1i 1 - !.5 hour jfrjtion md 

I - i.i hour scttlin; 

-fill mtte concnitritiDfis (or entire Hon dptffimed i* 

•eijhtin; cimcentritiDns o< noritl ind cleaning tlons 

ifsuiing 20 I D( palluUnt \oti discnir^ed dynn; cUtninq 

-pilot plint treated doth norul orernoH tno liictaiitiinq 

•Iter tncreited pollutint concenlrttiiini did not itpiir 

treit»ent eHuiency 

-(iHuint clDricterittici bited w 2 nours leritmn and fi 

Xoiir iittlinq 

-raw Mste cancentritions tor entire ilea detefiined by 

■eightin; CDncintratloni of noriil ird cieiAinq tlons 
issuiin; 20 1 of poUutiflt Isid discharged during deinin; 




I 



•tfHuent froe 20 ciqei I.Bi diiirtr, 0.9i deep S 

•cone fhaped fibre ;Uss bottoi ilth tci nipples t 

-higri voluee centrifugal puip circuUtes Mter tdrougA ciqr I 

end aut bottoi ' 

'puipt discAarge to cylindricil tidiientation tint - It I 

diaaeter, Dverfloa ta land I 

-aeouot ol SS reeoveo in tank loa. Concluded cofiventional I 

type of biBlilter acKild tie better than canal : 
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«VW"'»VJ»^-';»' ' 



TABie 3,1 
MUACULTURf HASTWAIER TREATIItHt FOR NITROSEK 
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BMVITSTIllNAL StfAflATIDi; 



ScttllDf pDflits/ttnti 



Iriititrtt Uhcitntf 



(Mi (9 



I nf I Hint 
lio/U 



0,4-5.8 

11.41 

O.it-t.7 

(0.841 

I.i-l.? 



I 



0.59 

(NhJI 

:.os 

ITKN) 
1.23 



D.S4 

INKJI 

l.J? 

ITKNI 

l.il 

I NOD 



Effluent 

((0/1 > 



1 fieiQvil 



Ui( SS reioved by ovtrflM 

Iritt > <40 ■!/i2/diy. 

ILtn^th to RT • <4 «/iiii. 
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l-ie ( 14 I l.Si itt9 

Until vol.' 211000 lUert 

illOOO Uiin. InflDM 

IRT • 14 iln. 
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am 



IDT * e to IS Iln. 



not ginerilly efffctivel 
in mi rMDVil I 



0,3 

(NHll 
1,0 
(TKMl 

0.t4 

mi) 



0.S4 

mi) 

1.37 
(TKNI 

i.ii 



so toptcttd mth 1 canvtntion 

!il properly imqnii ind 
SO loperited letthng pond. For 

liiiiiui efficiency bive 
SO Ibisin receive constint 

Ifloo of cleiDiJtg alter. 

:i2. 

t 
I 

ieipectrd aith property 

;d;ii9ned ind operited 
Isetthn^ pond 
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hthod 



(luihing 
2 iia. 
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titt inttr- 
vil for 
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ll4tltD4 



Typet o< 
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Coiientt 
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SI 



-ftnenllv does not r»Dvt i»D<iii 



I 
1 
I 
J 

I 
44 1 -during (fedino 



-during Huihing 

I -luring nortll Mtitohc ictivlty 
I 



K ' -etilutnt froi drcultr pond 



Cioitil 
Coit 



-lilt Df lOH poUution, high perforiince diet to tiniiize 
pslltition 

-cltlning (lo«, in tirii of entire mite (Ion ledLientttion 
of dtintng floa Muld result in IS! reluclion of nitrogen, 
Mfuilng 201 of N loidinj if diiclorged durin; cleining 



-for settling at entire flan nithDut sludoe re*ovil 

-iolids illOHed to settle ind deccipose througfi bicteriil 

decoipasition 

-possibility of fliglit incrtm in SS turin; cleaning flots 

-iltiutt disposes of sludge I or 2 tiies yeirSv to 

•sinttin treitient etfuiency, 2 bisins necessjry in ofdEf 

to Hintim treitunt durin; solids disposal 



: Operitino 
I Cost 



minaeEN Cfintlnued. 



Irtatitnt 



?riitt»nt EHicitncy 



Itfiiqn 



InHutnt 



i.H 
tXHIl 
1.17 
ITKNI 
t.t3 
111031 

0.02-0.05 

(KH4) 
O.OJ-4.* 

(TKNI 
2.S-30 

INH4) 
240-5BO 

(TKK) 



EfOunt 
U9/U 



0.S4 
INHII 
l.JJ 

trKNi 

X.ii 

(Nasi 

0.02-D. Oi 

(KM) 
0.02-1.9 
(TKKI 
l.fl-1^ 
(KHO 
U-t? 
(UNI 



I ttttiil 



I i I 

I ClCMinq I Ftiling I lyjiei ftf 

; Kfthod ; Htthod I ftti 
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IMH4) 
30-37 
ITKNI 

(HH4I 

n-n 

ITXNI 



6,»S-».0S 


0.S9-4.J7 ! 


38,2 


lum 


(TKK) 1 


mm 


0, 29-0.91 


0.28-0.90 ; 


14.3 


(IKH) 


ITKMI 1 


IIKH) 


l.BO-25.7 


1.20-3.W 1 


£1.3 


(IKN) 


am 1 


lUNI 


1.2-1.5 


! 0.8-1,52 i 




IIW3I 


! INHII 1 




J.i-3.S 


1 2.8-3,7 1 




(NH3I 


1 1NH3I 1 




1.7-S.9 


1 1,5-1.9 ! 




(HHSI 


1 mi) ! 





Itifecttd aith projitrly 
IdisignM ind tftritti 
I ultimo font 
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I 



Irtcgitfnded Itsi^n tor Icltuin} 

ipond It 11 hitchents. IMiws froi 

;8T ■ 90 iin. ar ui. fivtr- Ivcnturi Irl 

Ifliiii lit 1.5 ;pt/<t2, tan !vn\ vacum 

Itirthen pondi.Septritiui liyitH rttin 

lot cltining Uoms fru IccttlMblUy 

Inorul floni. At )2 hitch- Ibttttr thtn 

ItrUs rtceittndtd toti Ipuipid (Ion 

I fun of vtcuut tystei Hith ! 

IflDo! dirtcttd to concrete I 

Ibliim tlifd lor Rl=3-7diy I 



t 



I 



IJilinctr dirlfitrii 9.14 i 

130.48 I 1.221 deep, Totil 
l(lo> 37e.S 1/sec. 
IDvrrdDa/unit O.U l/l/l2. 
IST > 0.5 hours. 

I 

l3,Une»r cUrifiern 34.75 

li 12.7 I 1.83 • deep. 

ITdUI I1<» ° 881.73 Ut. 

iOverfliw ritt-.&i l/&/i2/ 

iuolt. 

I 

Icencrtte fettling pond 



leirthen pond 
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uauil I 
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deitnd 



Mnuillr 



I (inkln; 

I ptlltt 

I 
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I trout 

I ptllit 
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I (inklnq 

! ittM 

1 pellet 
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33 



35 
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Coiienti 



Cipital 
Cfiit 



D(triti»c 
Csit 



•(or iettlsnq of entire (Ian aith iludge reioril 
-Ittiinihle only aith the mavil of iccuiulited (Olidi 
prior to leasgriile digestion ind solubiliiitios 
-lludge reuvil tsecessary tt 2 aeet loterfils 
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-results o< 1 study of 20 silion httcheries in Colueoit RivtrlfD.UlUS 
-coipjrison ot aaste ttrenqths oi selected clejnino floas ;t0.49lCDI( 
ind s( ttie supernitint (roe these flaas ifter I hour ai 
tettUng (or 5 hitcheries conhritd the eHtctiveitets ei 
(laplc tediientitian if 1 treUHnt iithod 



I Iiveri9e 
I in 1 yeir 
I River 



• 19741/1 

11987)/ 

ibiteeen 

tor 11 

hitcheri 

I 
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h.iith : 
Ib.dsh : 
t costs : 
ColuebiiS 

(S.) 1 

! 
!; 



-during cleining ot riceaiy 
-during leeding 

-durieq cleuing 



-tatil tiM 
-tottl Hm 

-tatil flsN 
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IrHtient 



-LtKlU UMfltor 
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I-Stibllizition gont 



Iriitttnt Efficitncy 



Indumt 



tUKi 



0.30-(.i7 

11KNI 

0.00-0, U 

lltH4l 



(nor Ml 

tHluentl I 

0-2.55 1 

IIIH!I i 

.045-11.1 t 

1H0!I 1 



0.S4 

tMH3l 

l.JJ 

(TKN) 

l.t} 



EOlutnt I 
li}/ll I 



I Diiovtl 



0.«-l.)b I 
(tMI I 



O.Jt-0,54 ! 

mm : 

0.00-0,11 I 

(W4) I 



t.it 

INH3) 

0.12 
(KOI) 



48,2 
(TKM 



20.4 

(TKNl 
47.1 

(IIH4I 



1 Otii^n 

I 

1 


i Cleintn) 1 
: luthwt 1 
1 1 


R*tlio4 


I lypti ol 


! RftlTHCt 


•.(IM 75. J 1/1. ttvtrnoii 
10.18 lJt/i2. 200 plms 

llA UK 


t 1 
1 i 

S ! 
1 1 






! 35, U 


l(lp« uf to 1387.8} Wi. 
lOverOM 0.14 llili2. 


itfH cliin 1 

SpondlburrDai: 






! JS,U 



Cuients 



:ig04 pUtti i« 1 btyt 



14 nitunl r«nfl} units 

;4.5 tcrti tich. Niter 

IHeiitll 8.2»t. 
44-52(NH3)i - unitibiliitl fonij - 
3i-43(NOJ)] floit • 2.27-4. it i;il 

! RT ■ 2 - 4 diyt 
77-7BtKH3)l - ttatilittd pond - 
41-SSIN03)I Floa ' l,S4-4.i lad 

; Al ' 2.3 - 6 dtyl 



( 



70 14 ttdturil rtiring unitt 
14.5 tent fich, Ititer 
tdepth e.2ft. Avtrifc 
Kfttfltion tiH 3-4 diyi. 

50 ;Avtri9« 80D Imding 50 lb 
iBOD/lcri d)y. 



I 
















1 -duriaq cltintna 



1 -durinq Korktnq lod cvtmiif noun 



Cipitil 

Coit 



JO I -iiutntnt rnovil liirly liigh, ittnbuttd ts biolMiciI 
1 «ctivity tnd uttlcient 



I 



! -ria Mitt CBnctntritiani lor tntirt lion Peterontd by 

1 wigtliin; CB(ict«tritions o» narttl t tlHnjnj floii! itsutin; 

I 201 p( poUtltint loid dtichirges lurin; clfininj 

I -(tibiliiitlM pondi vH'y iHKt>f( in rtMvin; nttragen 

I -indfptndtnt a< «li ether or not fun )re in pDnd 

I -«utri(ftt rfMvii IS protibly rtsuU o< uptike oi tioit «sd 

i otKir plidti. Therefore if ilfie die dH lulsequint rtlent 

I oi outrmti to rtciivin; nitir. 

I -Und re^iiirtfcntt tiy rule aut upplicition 

! -0¥»r yejrs »ccuniUtion oi solids ijy result in necnilty 

I to dispose of solids - iijor eipeoditurt in costs ind 

I itnfiover 



bptr«tin; 

Cost 



1 0,5-2.0 I 
J I 



little 120 I 5 I 1.5i deep bisin. 

chinqe IRT ' 50 on. - tiiHiot,i\ 

Iconvoliited cbtnnel 



12 bisiDs: 4 I 

IRT ' 84 ill). 



to I 4i deep 



I 
I 

iinfrequcnt 
tinteryils 
lleiciviti) 
I 

li<ifrei)ii(iit 

linterfils 

letcivittl 



1 



sitiition ! 
4 I diilf t 



SitUllOt 1 

4 t tiiir i 



13 



Zl 



I -incriastd or;uic load to nver due to Kifreouent cletninc > silll 



ml 



iNI1ilD6EH continuii). 



Tr«it»pnt 

Process 



i-S»ifl tonctntritor 
1 

1 

! 

I' 

I 

I 

I - 

! 

; 

! 

I 

ISmENlNE 
l-Kicroslrnner 
llTruBoIe fiiterl 

t 



t 

hittia caacintriter 

I 
1 
I 
1 
I 



iFllTRATIllN 

',' BiolooKil filter 



Irtttiint Eflicitncy 



D^siqn 



I Influent 
t I19/II 



0.2-0.: 



EHiuent 
[•9/I) 



1 Rmovi) I 



I KtthDd 



proportionlcirculir tiftk, (la« is 
Uirecttd ttngentiilly. 
iDeiinds 1 uiU tru 
\tqi £001 /s flOK rtquins 
1 « 9.0 t dtattttr mirl 
Iconcentritor mi irei at 
IM 12. 



i.SB-l. 
!X1 



I l.% i O.Jt 



0.0-25 
IN) 



112 ■ iit. 
'iPtinil irei 



(DrtciiitntDr. 
' BOOO i2 



IflD* rile 10-20 1/sec, 
llmi ilDped kO\i filtert 



! 

! 

Idiilf brum 
Klushin; by 
lituidpipr 
iremval 



1 l.Ji w- 

1 l.OB 


0.8A •/- 
O.H 




1 252 ♦/- 
1 1.37 

1 


1.0! ♦/- 
0.7! 


25 


1 

1: 




4B 
IND3I 


1 
1 
1 
1 
! 
1 
1 




lNa21 
1 
1 
1 

! 



IflDK rite 13 inn. 

leOu fiUtf 

I 

I(1D« rit( 230 Wstc. 

ISii BDu t lOOu filtert 

iinflutnt dirrcted igiinst 
!tht intidt of t rotiting 
Icylindrical screen cigt, 
ICeitrifugil force 3 ta 1 
IjDvitiei. ScrtM openings 
IISO-US lesti. Solids ind 
Imste floM out bottoi. 
112 inch concentntor, 
Sltpingetent velocity of 
il.S to 3 tit. Peri|)htr«l 
lytlocjty 3.4 to 4.3 til, 
t 
1: 
1 
■orks neinS filter beds: 20 i 75(t 
icantiiniii; nitrifying 
Ibacteria 



1 



I 

» 

X 

If] Iters irt 

Iclemed 2 t 
Ilk nith lir 
ilor 1-2 lirs 
tt 1.13 c(i/ 
ift2 filter 
iiru 
I 



6-lC liipflCM tilteri 0.3t oyster 1 
IXHU Ishell on O.fi kifer typ< t 

Itorrugited ftbrt gliss ind ! 

IpUstic sheets t 



Fttding 1 Iy|)n of 

Ktthcd t feed 



daily 



I iry 
I pcUttti 



dry 



Rtfcrtiict 



40 



IJ 



52 



2h 



52 



CoMents 



-iiitrooen retoved is that astotialed vtth suspended solids 



-24-301 otitfloD throuoh 12 • «ii. concentrator, retainder 
tbroujh a 2 rcipartient pond aitn an area of BOOO §2. 



' Saltvlten / SNCilen 

UHA note: data as reported 

- Scandinavia / imitn 
UNA note data as reported 



(for IS) 



(tor TN) 



-coflttnuous bad aashino at 10 to 251 of concentrators 
capacity tore desirable than intertlttant bid oashina. 
'inte floH IS 5 to 201 of flo« to concentrator. 



Capital 
Cost 



1 



-fi Iters 4 ft layer of sharprotk, mth 1 ft liver of crustel 

oyster sttells 

-shells source of nutrients tor bacteria 

-used in recirtulatine systei 



-rewvil ffficiencv based on flons of 10 to 30 iy5ec/«2. I 



Lperitinc ! 
Cost 



NMitOEEN continutd.... 



1r?tti(nt 
frattii 



?k]^ti(il ufirtUm 



Tnittent EHicitncy 



Deii gn 



Influmt 
1*4/11 



O.M.O 



\.lk 



EHlutnt 
(iq/ll 



I Rnovil I 



', Clunini 



ei-S4 IdonnUoH filtinfrM botto*! 

(NHII ;ta top, 225-30M »ton», 71-1 
MBit crus^t4 rock, 1i-1tt I 
l^rivtl, 77ti illiC) garnet, ; 
;aB(i airnet, ISOtt UH, 1 
)41l}» inttincitt I 

41/J2 lOaicnnM Hlttri«rH bottul 

ttlMtl ltd top, ]2(iO-3Clii itoni, I 
!300m oyittr ihill I 






48 
()IH4i 



I.J2 



*0-W 



i : 

IdOknMoa filttriirot botto*; 
its top, 22s- lOu ttont, 75-1 
JlBu ctuittti rock, tOO**- ; 
!0.; inl 0.2i* unt, 300** i 
iDyiter ihtll 1 



I 



lup(lD» HWir. R1 ' 30 *in 

IHydriutic loidiog I to j.7 

:i/m/i3. 

I 

I 



! 

lirorkt iitll on pipir ior 
iutonit re*avil In 
Irtcirculition lytttat 
1 

ItKO upright trills 10 
ttindt* Kith cpio tDp art! 
let 2.i ft2 ind Dfrforitrd 
tbattoi. fllttr (tdll ii i 
Ifl. lltettont cituflkt of 
Itwo inch diiMttr, iDtil 
Iturdct ift< 475 H2. 



I 



ntgltglblii(l.^liiO,ihl.22i high 
•upftDn filter. Syrlicc 
iutt lB4i2/i3,fl1' B.Btin. 



Fetding 
Hethod 



lypn ol 
Fetd 



Seftmc* 



52 



52 



4! 



kk 



12 



Cuitnti 



-fHOvil ilficiincy bised on lloas of 10 to Bl Wsec/t?, 



-f**a«*l (fficitficy Xstd on floiis of tO ind 20 Wifc/t2. 



Ctpitil 

Cost 



S2 I -re*o««l HficUncy b*wd on (iMi of 10 ind 20 l/iK'*2. 
t 



1 



S2 ! -incrtisiog RT to 38 *ifi. increlted rMOVil efficiency to 

I m. 

1 -dtcrtiditg RT to 12 lin, reduced the iitonii reiovil to 201 
I -itirt uionii reioved in the first O.fi* of filter aedti. 
I •! retovjl proportioflil to depth of tedii 
I -701 of KH4 ii itiocitted mth orginic lolidt ind 201 of 
IIH4 could tte reiovid using cUrifier *tth RT < i licur, 
-tigh livel of SS Interfered mth nitrlficition process 
-settling for IS lin. prior to entry to fitter sufficient 
to rt*ov* SS. 



-considered ucftsful i* ritiirch but too ftiluret in 
co**«rtl*l ippltcttion 



-b<wd on one-pisi retoyil 1 ibove l.O tq/l the diount of 
tlH3 ruovtd incrtised sDteliies but I rcinvil decreised. 
Hcivier lotds led evcntuilly to less reiovil per pist ind 
riptd build lip of KH3 beyond 3.0 *o/l. 
-operited sitisfictorily Kitl\ lo*ds of lts« tnm .00020 
lb/ltH4/it2 of ledii per diy- 



- 3 pretreitientt 1 stttitng I toii frittionition; 
settling only! settling, lOu filter, foi< frjcticnatior, 

- fiperiientil. Chinoe not delectfi) is Ilea rite ttirough 
litter ripid I eiperi*entil design 



Qpefiting 
Cost 



NimaEEN continued. 



BKTERIH. SUSf>£NSiON 



Utitaent 



ION EICHANSE 



OITGEK Mltm 



mam i seitlins 



Trtitttnt EdtcitAcy 



OttLOl) 



Indutnt 



lO-H 



0.5* 

mi] 

<N03l 



Eftlutnt 



I 1 Driovil I 
I 



(KHU 
1.39 

INO!! 



Kithoi) I nethod I Fil4 



00 re4l iiiiti fS I 10"^ bictcru 

differtnceSptr littr 

treitn)/ '. 

untrtited for inr " ^C"" 

! 

t 

I 
increisei Icfient tinki 40iSii7'1t 

{deep c/ii cipron icili 

iCMtiiner Mil) holding 

IClmscm 

: I 

I ! 

90-97 \iiiti ]Mlitt cliBDetilalitil 



4S-99 ;uitd itoliti cliDGptiUliti 
ISlii g4 trtititnt blstd on I 
Itotil flOM I I totll floa I 
Ifroi >huh KH4 tuit i« 
Ireiavcd, RT li iQSt UDflr- 
ItiDt virlitll. 
I 

lincoiin; Nittr Into 
Iventun thiptd pipt, Niter 
lit injectid thru i difluser 
tliniied Oy i pressure 
ipipe to 1 (tiniird inter- 
Ichingetlile cylinder 



1} cell lystei could be 
lusedi 2 settling, 1 «er- 
iltisn, Air Supply ringe 
10.13 - 0.27 U3/oal. 
!Totil detention ' i br. 



trtlftdil 



Reference 



41,25 



S2 



12 



SI 




liltir ripid i eiperiicntil design 



-pood volute W il 

-used Aqui Bicti Aid in citfiih ponds 



- cwittlfltrt ioiitianei) «ro» settllno ttok 



'tttii lodicitl presence of 30 tg/l of Droinu cirbon cin 
reduce eHiciency al ion etchtnge by 7SI thui pre filtering 
o( eHluent is necessiry 



-dull iffKt riitores DO ind drives oH iMt retidiMl 
gtsiout liibnii 

-floK at diter through lojeclor entirely by grtvity 
-Ht*r cm be used 2 - 3 tins iFter treitient 



-tettlio; batin detlffl theuld coniider sludge rtaovtl e^t 

concrete dlfHier »itti iechinicil tludge re»0¥»l or 

7 earthen ponds designed for ilternite deaatenng / sludge 

reioval 

-elUaent characteristics mtli 1 - 1.5 hour aeration and 

3 - 1.5 hour settling 

-rair iiaite concentrations tor entire Hoii detertined by 

■eignting concentrations of noreal and cleaflin9 lions 

atsuiint 20 I of pollutant load diichirgrd during cleaninii 

-pilot plant treated both norial overllon and bactaashing 

nttr increased pollutant concentrations did tot lepair 

treattent efficiency 



I 



For reiovat oJ 2.S ig/l 
is t.OJKCen It972)/1000 
oallons 
! 



TUL£ 3.4 
AeWCULIURE DASIUAIER TREATHENT fM CHOSPMHIUS 



i)7-sip-et 



1rfatl«nt 
hoctii 



IBfiAVMATIMAL SEPAflAItOK 
I - Etttlinq poAds/Unti 

t 



Trrditnt Uflcieitcy 



Dtiiqn 



UHutnt 

liq/l) 



1.04 

«.04 



O.St 

(totil 

PM - P) 



UaUl 

m - f) 



0.25 
Uottl 

m - h 



EHlutnt 



I f)HOV<l 



».l! 



0,2t 



0.20 



1 IS IMS I M ■ i.S* <«» 

I :Tstil vol.- 2150()t littrt 

I ilnfloa 11060 I /(in. 

I iST • 1« tla. 

I 22-10 t 

t i 

I to 14 1 IRT > g to IS tilt. 



SO 



iHprCttd ittk I csnvntton- 
■ il proper!)! Ptsigncd ind 
ioperittd Kttlin; psod. For 
iuuiui iHiciencr I**''* 
ibiiin rictlvt conitiit 
KIh o( cltMitj Mttrr. 
1 
I 



Itxpectid Hith prcpfftf 
; designed ind opentid 
Itettlinq pond 



20 



liipecttd aitt proftfii 

Ideiiqned and spirited 

liettiin; pond 

I 

I 



Cltininq 
HfUod 



2 iin. 



i-l nkt ui. 

tiH intKvii 
iof lolUt 

rtuvil 



Ftedin; 
nethod 



diily 



Feed 



lloatinq 



Mtrtwti 




CoHtnts 


Cipttil 
Cost 


Dperitini; 
Cost 

-*SSr 


i 
44 


-durin; (tiding 
-during (Uthtitf 
-durint Htibdhc 


ictivitv 






45 


-tfflutnt frot CI 


cuUr twtd 




1 



SI I -tliiniit; Hh, in tmi d( iRtirt njttl Htm sediitntition 

I of dttntng Han aotild rttult in ISl reduction o< f, 
1 tlUitift] 201 of f" latdirvg i( diitlitrged dunag deining 
I 
1 



1 



: -for trttlint of eotirf floit mthout fludge reaovtl 

t -fohdi illDHed to stttU «nd decoipoif througt Pictenil 

I dtcDtpoiition 

I -poisibiHty of slight iitcreiie in SS during cleaning (Ion 

I -tiltiiitc dispotil of sttidge 1 or 2 tiies veirly to 

I uintiin treitunt eftictencv, 2 Diains necesttry in ordtf 

t to laintiin trettient durino lohds disposal 

t 

I -for uttling of entire flan «itli iludge reiovtl 

I -ittiiniiile only icUh the riisvil of iccuiulited tclids 

i prior to teisurjtile disestisn ind tolubilil«Cian 

J -«lud;« reiovil necesstry it 2 leet mterviU 

1 



;f>HOSmRUS cojitinurd. 



1— - 


Tredtient 
ftKliS 


Trot 
Influrnt 


isnl £fficiMC)( 

EdiuMt 1 1 

!M/li : 


i 
t. 
1 
I 


- 


ll.<2-it.3J 
(flushid 

ClMAID]) 


O.lS-O.Ji 




1 
t 
1 
t; 




18-320 

UjCUUKd 

tlonst 


11-51 




t 

t 






1 


: 



'Stitiilizition pant 



J 



Design 



6.01 - 

o.in 

0.301 



I 0.029 - 

: 0.101 



.01-. 262 
IP011 

.01-.242 
<P01t 

,01-. 212 
(Mill 



0.0J1 - 
0.111 

0.191 - 

0.315 



0.035 - 

o.oei 



64-89 Ifetoitended design tor 
Ipond it II hitchcriis, 
mi ' 90 lin. or iti. a*er- 
KlM at I.S 9pi/ft2, tua 

i5-90 iiirthen pDndi.Stpiritisn 
lot deining ficiits irot 
Inoriil Hqks. At 12 hatch- 
Itriei rrcouenjtd iDti 
■ ton of V4CUUI fyiUi Hith 
Uloiii directed to concrete 
Ibitins su(d for aT=5-7iir 

iS. 6/62.2 Uiiteir ccncrtte clirifier 
IRT • ii.% hour. Additionii 
Urettitnt mth ttrtlitn 
Istitiilizitiort UqooA. 
!RT < 1 houri. Dedth 1.5 ■. 
I 

iS.2/ia.2 llineir concritt diriHer 
IRT < 0.5 hour. Addltionil 
;trtittrnt aith earthen 
Istiblliiition lifDon. 
IA1 > 2 hours. Oepth 2 I, 
I I 

71,7/13.1 Icirculir coflcritt diritierl 
Ifll ' 6 hours ! 

I t 

1 I 

tconcrett stttUnq ponil I 
! > 

t ! 

! I 

J. 



tl fining 
Method 



Feeding 
Hit hod 



cltinieg S 
(iOHi frot I 
venturi drt- ! 
veo vtcuui i 
lyitet retain: 
tettlealiihtr: 
bitter thin I 
pulped (lout J 



I Tyoes of 
; Feed 



1 



learthen ponO 



1 



0-19 



86-6? 



II nituril retrinq units 

11.5 acres each. Miter 

Idepth 8.2a. 

: - unstahlliteO pond - 

! FloN = 2. 27-1. it igd 

I kl « 2 - 1 days 

I - stibiliied pond - 

i Flcm - I. 51-1. i Uii 

i RT ' 2.} - i divi 

I 



I tanual I 

i del and 

I 

I (invtl l 

I deund 



! lanuiUy 

1 

! 

t 

I 



I linking 

I pellet 

I 

I linking 

I trait 

; pellet 

I 

t linking 
I tttu 

! pellet 

i 

i 



ftetfrencfl 
I 



Coiientf 



I Cijiital 
: Cost 



Dnerltino 
Cost 



51,55 I -results of i stuSy of 20 iilion hilchtries in Coluibu liivtr 

1 -coipariioo of mite strengths of selected deanifig flws 

i and of the supernatant trci these floxs after 1 tour of 

I settling for 5 hatcheries confined the etfetlneness of 

! tuple tMiientitiPfl as a treitient itthod 



1 



le 



•X 



IB 



20 



20 



20 



30 



-during cleaning/over 21 hour period 

-added efhcieacyi ISl over 21 hour period alth lagoon 



-liiiring cleaning/over 21 hour period 

-added efficiency) 151 over 21 hour period mth lagoon 



I -during cleining/over 24 hour period 



-total Hon 



-totil 4 ID* 



-total fioK 



-nutrient reioval fairly high, attributed to biological 
activity and settleient 



JO I -nutrient reioval fairly high, attributed to biological 

! activity and settteient 

30 i -nutrient reioval fairly high, attributed to biological 

! activity Md settleient 



fo.iiius snj(i/ib,fish 

IO,19ICDk tl'JeJl/lb.flsh 

larerage aHitttent costs 

in a year fsr 11 Coluibia 

diver naicfiwiet.i 



fHOSCHOftuS (ontinutd. 



Trfititnt 



Iriititnt EHicifocy 



I 



Ststgi) 



'Smrl CDnctntritor 



-flKrostriiner 
lUiuiolE hiun 



InlluMt 
(•9MI 



I). 15 

ItBtll 



0.05-0.15 



a.n/i.4a 



EHIuirtt 

0.05 



I 1 liMOVll 1 



I Cltuliif I 
Nttlol t 



;4 eitufll rtirin; unitt 
M.5 Krti etch. Utter 

titftfi e.lit. A«erig( 
tdetentign ti« J-4 tfir>- 
lAveriqt iiOD loidinq ^0 lb 
leGO/itre/day. 



F(t4ing 
Htthod 



lypti si I (tcftrtiice 
Fwd 1 





■i 

J 

1 

1^ t 5 I l.St inf biiin. 

IRT > 50 tin- - tdditioflll 


1 

i 

iiiifrtqgvnt 
IiiittrvlU 


1 

J utiitiwi 

1 4 I diUy 




Uonvmuttd chtnoel 


1 leicivtt*! 




httit 


\i bnitti 4 1 10 1 4i detp 
IRT ' H (in. 


irnfrtqutnt 
iintirvill 

IKlClvittI 


t titUtiM 
1 4 I duly 



I propcrtioolcircuUr tink, iloii it 

I '.directed tingintiiUy. 

I IDtundt 1 sail I iret 

'i liqi 500) /t II an rtifuirH 

I It 9.0 • diueter iiiir) 

I Iconcpntritor ind «fei of 

I :14 i2. 

I : 

JI2 • dli. coflctntrttor. 
IPond jrit '^ eoOO i2 



O.03-0.I2 1 0-10 



1 



2.33 ♦/- 


: 0.32 •/- 


4.41 


1 0.32 


0.07 ♦/- 


1 0.04 *h 


0.04 


I i.O't 


«.5» •/- 


! O.li \l- 


0.26 


i 0.02 


0.51 W- 


1 0.30 </- 


0.11 


1 0.12 



0.21/0.17 I Wli 



66 



43 



83 



tfloa rite iO - 20 Uiec. 
ilad sinned bOa (liters 



Iflox rite (3 ]/sec. 

mu filter 

Ulc» rite iO Wiic. 



Kliw rite 230 I'mc, 
JSii, EiOu i iOOu filters 



dill* Irush 
I UutMn; 
by stinopipr 
reiDfil 



duly 



dry 



dry 
pellitti 



33 



Counts 



-ru Kiitt conceittnttonf tor entire flda detertinen by 

Mightlng concentrjtions of nordil I cleininq flMt *J«uiin9 

201 of pollutict loid distnirgtt durmq clelning 
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6.0 PERFQRMAKCE EVALUATION OF TREATMENT TECHNOLOGIES 

6.1 Required Performance 

In order to determine which treatment method has the potential to 
achieve the MCE Interim Guidelines, required percent removals were 
estimated and compared with reported removals actually obtained at 
existing facilities. The MOE Interim Treatment Guidelines suggest 
limits of 5 mg/L suspended solids (SS) and 0.05 mg/L total phosphorus 
(TP) for the effluent from salmonid aquaculture facilities. 
Objectives for other waste constituents have not been defined in the 
Interim guidelines. This report will focus on a solids management 
approach for the treatment of hatchery wastes. 

From the literature, effluent SS concentrations, prior to treatment, 
range from to 55 mg/L during normal operation {Liao, 1970) and can 
increase up to 700 mg/L during cleaning operations (flushing), (UMA, 
1976). Total phosphorus was measured at concentrations of to 0.15 
mg/L as P, in normal flows and up to 1.43 mg/L during cleaning of 
earthen raceways (UMA, 1979a). 

Recent Ontario fish farm monitoring data indicate that the effluent, 
prior to treatment can contain 0.3 to 103 mg/L SS and 0.006 to 1,16 
mg/L TP (Table 3.4). Note that the higher range values may 
correspond to cleaning flows. On average, however, SS of 8 mg/L and 
TP of 0.15 mg/L are expected. 

Alternatively, the expected suspended solids and phosphorus effluent 
concentrations can be calculated on the basis of waste generation 
factors (Castledine, 1987). An average Ontario trout farm, producing 
4 kg trout (round weight)/yr/Lpm, at a feed conversion ratio of 1.5 
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kg feed: 1 kg trout (round weight) is calculated to generate, on 
average, 2.6 mg/L SS and 0.076 mg/L TP (particulate and dissolved). 
Similarly, a larger scale, higher density operation, producing 12 kg 
trout/yr/Lpm could theoretically produce 7.43 mg/L SS and 0.22 oig/L 
TP. Assuming an influent concentration of 5 mg/L for SS and 0.05 
mg/L for TP, 35 to 50% SS and 60 to 80% TP must be removed to meet 
the guidelines. 

Solids concentration of cleaning flows depends mainly on the method 
of cleaning the raceways, tanks or ponds. Vacuum cleaning flows are 
much more concentrated than flushing flows. On the other hand, less 
waste water is produced by vacuuming. In this report, we will assume 
that the cleaning flows to be treated are obtained by flushing the 
production units. Vacuumed flows must be handled in a differnt 
manner, such as by storage in a closed pond or by land application. 

Treatment of flushing flows can require removals of 90% or more of SS 
and TP on the basis of the high effluent concentrations measured in 
Ontario and reported in the literature. 

6.2 Sedimentation 

6.2.1 Ponds and Clarifiers 

6.2.1.1 Performance 

Sedimentation is the most common effluent treatment method for the 
removal of metabolic waste solids discharged from fish farms. 
Sedimentation performance is measured in terms of removal of 
suspended and settleable solids. However, it has been found that 
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ammonia, nitrates, phosphates and BOD will also be partly removed by 
the settling of solids. For example, 90% solids removal resulted in 
the removal of 55% BOD5, 55% NH3-N, and 35% 1^3 and PO4, 
according to results summarized by Muir (1982). The performance of 
settling tanks or ponds has been found to vary greatly in the 
treatment of these wastes. Reported suspended solids removals range 
from 15% to 90%. Variations result from several factors, none the 
least are type of flows being treated {normal, cleaning by flushing, 
cleaning by vacuuming, etc.); hydraulic design; earthen, lined or 
concrete detention units; operating method and sampling procedures. 

Most authors report studies dealing with cleaning flows, since it is 
the segment of the flow with the highest waste concentrations. "Jery 
few references present data which would indicate that settling can 
achieve 90% suspended solids removal, from cleaning flows, on a 
consistent basis. 

Mudrak (1981) reports clarifier efficiencies of 80-89% SS and 62-77% 
total phosphorus, during raceway cleanout and on a daily average, at 
three Pennsylvania Fish Commission Hatcheries, Circular and 
rectangular concrete clarifiers were used. Warrer-Hansen (1978) 
reports SS removals of up to 80% by settling the effluent from 
circular self-cleaning tanks. 

Linear clarifiers at the Jones Hole National Fish Hatchery achieved 
80 to 100% efficiency when the influent concentration ranged between 
10 and 100 mg/L. At suspended solids concentrations less than 10 
mg/L, the efficiency was below 50% (Godby et a1 , 1976). 

Effluent concentrations of 5 mg/L SS or less, following sedimentation 
have not been frequently reported. However, as shown in the summary 
of the literature search (Table 5.1), most papers reviewed did not 
state the influent and effluent concentrations. Only the percent 
removals were presented. 
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Therefore, it appears that settling cleaning flows to achieve a 
supernatant with a suspended solids concentration below 5 mg/L on a 
consistent basis, should not be expected, particularly if the 
cleaning operation produces a highly concentrated effluent. 

Based on a cleaning flow SS concentration of 100 mg/L, and a settling 
tank performance of 80-90%, a treated effluent of 10-20 mg/L can be 
reasonably expected to be achieved. 

Based on the calculated average generation of solids, settling of 
normal flow in a properly designed clarifier, should produce an 
effluent meeting the SS guideline, if a 60% removal performance is 
achieved. Although several papers report low SS removal by 
sedimentation, it is safe to expect a 60% or better performance of a 
sedimentation tank, if the latter has been designed properly, if the 
waste water has been found to be amenable to settling and if 
conservative design criteria are chosen. 

Phosphorus removal is more difficult to predict. Few researchers 
have reported phosphorus removals. 

Only the particulate fraction of phosphorus can be removed by 
settling. According to Train et a1 (1977), a removal efficiency of 
80% can theoretically be obtained in treating cleaning flows, with 
properly designed settling basins. However, settling of the entire 
flow, with or without sludge removal, is not expected to result in 
removals in excess of 20%. 

Mudrak (1981) reports phosphorus removals of 60-80% obtained by 
settling cleaning and total flows in concrete clarifiers. Influent 
and effluent concentrations were not reported. 
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UMA Engineering Pacific, in a 1976 study of salmonid hatcheries, 
carried out one-hour settling tests on flushing cleaning flows. 
The test results indicated total phosphorus removals of 65 to 
90%. An effluent concentration of 0.15 mg/L as P was achieved 
at an initial concentration level of 0.42 mg/L. 

Based on the limited information available, it appears that 50 
to 80% removal of phosphorus has been achieved by sedimentation. 
Lower removal efficiencies are expected, however, when more than 
20% of the phosphorus is dissolved. 

It appears that if the phosphorus content of the normal effluent 
from the hatchery and rearing units is kept below 0.25 mg/L as 
P, the maximum concentration of 0.05 mg/L as P can be met. From 
the Ontario aquaculture data on hand (Table 3.4), the average 
total phosphorus concentration, prior to treatment is well below 
0.25 mg/L. 

High concentrations of phosphorus contained in the flows 
produced during cleaning of the ponds and raceways should not be 
expected to be reduced to the 0.05 mg/L level . Based on a 
concentration of 0.5 mg/L and an 80% removal efficiency, a 
residual concentration of 0.1 mg/L is a realistic target. 

6.2.1.2 Design Considerations 

Altnough the type of tank or pond used for sedimentation varies, 
the design of a settling facility must be based on well 
established design principles. 
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Generally, the design of sedimentation basins for aquaculture 
waste water has been based on the assumption that the solids 
settle as discrete particles, rather than as flocculant 
particles. However, the more concentrated cleaning flows will 
nave a tendency to coalesce and settle in floe, rather than as 
discrete particles {Chesness et a1 , 1975). 

The main design criteria is the overflow rate or surface loading 
rate. It is equivalent to the settling velocity that causes a 
particle to fall through the settling depth of the tank in the 
tank's detention time. In a tank designed on the basis of a 
chosen particle settling velocity (7^), particles with 
settling velocities greater than Vc will all be removed as 
well as some particles which have a settling velocity lower than 
V(; but enter the basin at some point below the surface. A low 
overflow rate ensures that a high fraction of particles can be 
removed within the length and detention time of the tank. 

The tank surface area (A) is calculated from the flow (Q) and 
the selected overflow rate (Vq), according to the basic 
formula: 

Q = Vq X A 

Theoretically, settling of discrete particles is independent of 
tank depth, and is not directly related to detention time. 
Depth and detention time are related to the overflow rate as 
fol lows: 



V 



= depth 



detention time 
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However, a minimum depth is required to prevent resuspension of 
settled particles at the bottom of the tank due to the 
horizontal flow of water through the basin. When flocculant 
particles settle, the solids removal efficiency is a function of 
the depth and detention time within the sedimentation tank or 
pond. 

For both discrete and flocculant particle settling, selection of 
the overflow rate and detention time should be based on the 
settling characteristics of the solids. The solids character- 
istics which affect sedimentation are: distribution of particle 
size, density and shape of particles, flocculant nature of the 
particles and concentration of the particle sizes. 

The size and density of particulate solids discharged from a 
fish farm or hatchery is influenced by factors such as the 
species and size of fish, the type and pellet size of feed used, 
the detention time within the raceway or pond and the amount of 
physical agitation and resuspension of the waste. 

Also, the cleaning method and length of time between cleanings, 
and the method of solids handling, can influence the 
settleability of solids. Cleaning wastes obtained by vacuuming 
have poor settleability. 

Settling velocities have been found to range form 3.3 cm/sec for 
fresh intact excreta (20 gram trout) to 0.2 cm/sec for waste 
which has been retained within the production ponds for a while 
(Querellou, 1981; Thompson, 1986). It is thus not surprising 
that there is a wide variation in reported clarifier design 
criteria and treatment efficiency. 
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Overflow rates ranging from 37 to 90 m3/m2/day are reported 
to have been used for the design of hatchery waste water 
settling tanks or basins. The design criteria are based on peak 
flow rates, obtained during cleaning operations. 

Train et al (1977) of USEPA reports that a surface overflow rate 
of 25 L/min/m2 (37.4m3/m2/day) has been used in conven- 
tional settling, resulting in 90% removal of SS from cleaning 
wastes. 

A maximum overflow rate of 40.8 m3/m2/day is recommended by 
Henderson and Bromage (1987) from experience in the U.K. and by 
Mudrak (1981) for peak cleaning flows generated in raceways with 
bottom waste cleanout drains. 

McLaughlin (1981) reports linear raceways designed with overflow 
rates of 0.66-0.68 L/m2/s. (57-59 m3/m2/day). Suspended 

solids removals of 80-90% have been achieved by settling of the 
cleaning flow. The settling basins were cleaned by drawing off 
the top water to expose the sludge, and collecting and removing 
the sludge for land disposal. 

Overflow rates of 1.0-1.5 gpm/ft2 (58.6-87.9 m3/ni2/day) 
are recommended by UMA (1974, 1976) to achieve 90% removal of 
settleable solids from flushed cleaning flows. 

In municipal waste water treatment, typical overflow rates used 
in the design of primary settling tanks are 32-48 m3/m2/day 
at average flow and 80-120 m3/ni2/day at peak flow (Metcalf & 
Eddy, 1979). MOE recommends a surface settling rate (overflow 
rate) of no more than 70 m3/m2/day, at average flow rate, 
for primary settling tanks (MOE, 1980). 
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By comparison to municipal waste water treatment, a conservative 
design would thus seem to result from using a peak overflow rate 
of 40 m3/(n2/(jay. On the other hand, a margin of safety must 
be incorporated in the design of a settling facility, when the 
waste to be treated is inadequately characterized. 

Detention times from 4 minutes to 6 hours have been reported. 
However, because of the diversity of settling tank designs and 
operations, correlation between the detention times and removal 
efficiencies reported in the literature cannot be readily done. 

By definition, settleable solids are the waste water solids 
which can be settled out in an Imhoff Cone in a 60 minute period 
under quiescent conditions. Taking into account the turbulence 
in full scale settling facilities, longer detention times would 
be required to achieve 100 percent settleable solids removal. 
On this basis, UMA Engineering in an 1974 report on hatchery 
pollution abatement in the Columbia River, recommended 90 
minutes detention in a well-designed clarifier to achieve 90% 
removal of cleaning flow settleable solids. 

In practice, a settling pond or tank designed to provide a 
detention time of 90 minutes would be quite deep and 
consequently be quite expensive. The improvement in efficiency 
between a sedimentation basin with 30 minutes detention and 90 
minutes detention does not warrant the increment in construction 
cost. 

It is estimated that designing the tanks or ponds to provide 15 

to 30 minutes detention will ensure that sufficient depth and 

volume is present for settling of discrete and flocculant 
solids. 
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Ideally, the appropriate design criteria for the sizing of a 
sedimentation tank should be derived from a series of waste 
water settling tests. A settling column is used to approximate 
conditions within a clarifier. In a column settling test, 
samples of the waste water are taken at intervals from numerous 
ports along the depth of a large fiberglass or plastic column 
and are analyzed for suspended solids. A series of settling 
curves are developed from the test results. They graphically 
represent the percent of solids removal as a function of time 
and depth. Settling velocity curves can also to produced from a 
settling column test. They are used to select the settling 
velocity corresponding to the percent removal of settleable 
solids sought. Data from the test can also be plotted to show 
the percent removal versus the detention time at a given 
overflow rate. 

In most circumstances, particularly for new aquaculture 
operations, column settling tests cannot be readily performed. 
An overflow rate within the range of 40 to 80 m3/ni2/day, as 
reported in the literature, must be selected. Published data to 
date is considered too limited to more narrowly define overflow 
rates. 

Good performance of a sedimentation tank also depends on the 
design of the inlet and outlet structures and of the sludge 
storage and removal installation. Tank sizing must take into 
account the expected reduction in efficiency due to turbulence, 
short-circuiting, scouring and velocity gradients. 
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6.2.2 Sedimentation in Raceways and Use of Baffles 

Baffles are used in the raceways of the Michigan Department of 
Natural Resources hatcheries. Their performance in facilitating 
settling at the end of raceways is described by Boersen and 
Westers (1986). Effluent suspended solids concentrations of 6 
Ftig/L were regularly obtained. Influent concentrations were not 
mentioned. It must be noticed that the design criteria 
reportedly used for the settling basin are very high: it was 
assumed that the particles could settle at a fast rate: 0.74 
cm/sec. This is justified if the solids consist of intact trout 
excreta, which have not been subject to any biological, chemical 
or physical degradation. 

Design of a baffle system must ensure that the velocity 
immediately under the baffle ranges between 0.1 and 0.4 m/s. If 
velocities are too high, solids break-up occurs and settling 
rates are reduced. Also, it is desirable to remove the solids 
from each raceway independently, rather than forcing them to 
move down to the last raceway (Boersen and Westers, 1986). 

The installation of a fish screen at the lower end of each 
raceway to provide an in-line settling zone and sludge storage 
area (until the raceway is cleaned by vacuuming or draining) was 
investigated by JRB Associates (1984). They concluded that the 
hatcheries can achieve the proposed 5 mg/L total suspended 
solids effluent limitation (Idaho) when screens are installed in 
all raceways. They note that the screen must be placed at a 
critical distance from the effluent weir to ensure adequate 
hydraulic characteristics. This distance takes into account 
turbulence, varying flow conditions and fish production 
capacities. The distance is calculated using standard settling 
tank procedures, based on a mean particle settling velocity. 
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JRB Associates estimated that 10 to 15% of the raceway volume is 
lost to fish production by the incorporation of an in-line 
settling area. This estimate was based, however, on a particle 
settling velocity of 0.86 - 1.57 cm/s, a higher rate than used 
in the Michigan work. Waste water solids with lower settling 
velocities would require a larger settling area. 

6.2.3 Swirl Concentrator 

Used in Denmark and Finland, its performance is reported by 
Warrer-Hansen (1981). Suspended solids removal efficiency has 
been found to depend on the type of feed used and on the type of 
ponds used for fish rearing. Installed downstream from a 
concrete, self-cleaning circular tank, it has shown to achieve 
80% suspended solids removals. However, treatment of earth pond 
effluent resulted in only 20-30% SS removal. 

6.2.4 Lamella Separators 

Lamella separators or gravity settlers have been in operation at 
the Bozeman National Fish Hatchery (NFH) and at the Quinault 
NFH in the United States. McLaughlin (1981) reports suspended 
solids reductions in the order of 66-80%, to a maximum of 5.0 
mg/L, during raceway cleaning operations. This performance was 
obtained with an overflow rate of 0.18 L/s/m2 (15.6 
m3/m2/day). Lower efficiencies are reported at the Quinault 
NFH, probably due to lower influent concentrations. An overflow 
rate of 0.34 L/s/m2 (29.5 m3/m2/day) was used. 
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Lamella separators provide a large effective surface area for 
settling, within a much smaller gross area than a clarifier. On 
the other hand, Lamella separators must be taken out of service 
frequently for cleaning, a task which is laborious and time 

consuming {Qodby et a]_, 1976). Biological growth, and 

biofouling, should be expected to decrease the efficiency of the 
units. 

Similar performances and problems are expected with tube 
settlers. In a 1974 report, LIMA concludes that the additional 
cost of tube settlers may be such that the economic gain for new 
construction is nil. However, if space is sufficiently 
critical, economic considerations may be overweighed in favour 
of tube settlers. This comment also applies to Lamella 
separators. 

6.2.5 Stabilization Ponds 

Stabilization ponds have been used to treat fish farm waste 
water. Suspended solids and phosphorus removal of 50 to 65% and 
80 to 87% respectively have been reported (Liao, 1970; Train et 
a1 , 1977) in well stabilized ponds. The efficiency in removal 
of suspended solids does not compare favourably to that obtained 
with a clarifier, even though detention time of 2 to 6 days were 
used. 

Ponds used for the treatment of domestic waste water typically 
produce an effluent with 40 to 60 mg/L suspended solids, on 
occasion in excess of the influent level (Metcalf & Eddy, 1979). 
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Based on limited documentation, phosphorus concentrations can 
however, be significantly reduced. Reduction of phosphorus from 
0.25 mg/L to 0.05 mg/L (80%) was achieved in 2.5 m deep lagoons; 
however, the nutrient removal was probably a result of algae 
uptake (Train et a1 , 1977). The presence of fish in the pond 
has not been found to influence the effectiveness of phosphorus 
removal . 

Mudrak (1979) and Cleary (1972) recommend that stabilization 
ponds be built in impervious soils, with a detention time of 4 
hours at daily average flow and a depth of 1.2 to 1.5 m. Storm 
water runoff to the ponds should be avoided. 

6.3 Screening 

6.3.1 Microstrainer 

Screening of the waste water through a microstrainer such as the 
Triangle filter has resulted in good suspended solids removals, 
based on the experience in Sweden and Norway. A range of 60% to 
94% removals are reported by Goldburg et al (1987). A micro- 
strainer with 60 micron filter plates, was tested in Sechelt, 
British Columbia. It reduced suspended solids from 23 mg/L and 
91 mg/L to less than 1 mg/L, corresponding to efficiencies in 
excess of 95%. Phosphates were reduced to 0.17 - 0.21 mg/L as 
P. 

Based on this data, it appears that the self-cleaning filter can 
reduce the solids concentration to below effluent guidelines. 
As for any solids removal treatment method, phosphorus 
reductions depend on the soluble fraction. 
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Theoretically, the effectiveness of the screening process 
depends on the size and consistency of the solids particles as 
well as the screen opening size. The self-cleaning feature of 
the Triangle filter allows finer screens to be used without the 
associated clogging problem, though reducing the screen mesh 
size results in a corresponding reduction in hydraulic capacity 
of the unit. 

6.3.2 Sweco Concentrator 

The Sweco concentrator has been tested to determine its 
applicability to salmon hatchery effluent treatment by Liao and 
by Kramer, Chin and Mayo, Inc. {sic, UMA, 1979). Removal 
efficiencies of 61% SS and 17% TP were achieved at the Domsea 
Farms Salmon Hatchery, Bremerton, Washington. A 300 mm diameter 
concentrator with a peripheral velocity of 3.4 to 4.3 m/sec was 
tested. The concentrator produces a waste stream of 5 to 20% of 
the influent, which must be recycled. 

6.4 Filtration 

6.4.1 Mechanical Filtration 

Gravity filters are generally used to remove suspended solids. 
Removal efficiencies up to 90% are expected with granular media 
filters, in treating domestic waste water. In comparison with 
sedimentation, a filtration facility will require more 
supervision, unless an automatic backwash system is installed. 
Filter backwash water must be treated. 
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6.4.2 Biological Filtration 

Filters are inostly used as a bacterial growth medium for the 
biological degradation of hatchery waste water. Biological 
filters are the most commonly used biological treatment process 
at fish hatcheries particularly for aiTimonia removal. 

Liao and Mayo (1974) found that the efficiency of filters for 
nitrification was directly related to media retention time and 
the level of organic solids, providing that water temperature 
and pH are maintained within acceptable ranges. 

They concluded that solids removal was necessary prior to 
biological filtration for ammonia removal. 

Sparrow (1981) reports that at the Abbotsford Hatchery, where 
water reuse with reconditioning was extensively evaluated, for 
the efficient operation of the pilot biological sand filter, 40 
to 50% SS removal was necessary. It was achieved by 
sedimentation with 8 to 9 minutes detention time. 

UMA (1979) reports the work of McLean who carried out pilot 
studies of four types of biological filters. Best efficiencies 
were obtained with a mixed granular media downflow filter. 54 
to 86% of the ammonia, 45 to 59% of the BOO and 72 to 88% of the 
SS were removed at flows at 10 to 60 L/s m2. 

While biological filters can be utilized for effluent treatment, 
their use is generally associated with the recirculation of 
water supplies to increase production levels while still 
maintaining sufficient water quality for fish growth. 



- 3? - 

6,5 Other Alternatives 

6.5.1 Polyculture 

The effectiveness of treatment systems using fish varies with 
location and system design. According to Brown and Nash (1981), 
the best performance recorded in a freshwater system using 
aerated domestic sewage, was an overall reduction of 97% BOO and 
4% SS. The system achieved residual concentrations of 3 mg/L H 
and P. 

The nutrient removal efficiency of a system containing plants 
depends on the type of aquatic plant, the growth rate of the 
plants, the nutrient composition of the water and the 
physio-chemical environment in the water. 

Brown and Nash (1981) summarized the removals of BOD and SS 
obtained from marsh-treatment of waste water treatment plant 
effluents. Treatment of secondary effluent in artificial 
marshes containing bulrushes resulted in 24 to 67% SS (18-32 
mg/L) and 10-77% BOD removal, with 10 days retention; cattail 
marshes resulted in 88% SS removal (43 mg/L), 89% BOD, 71% TP 
and 62% H. They state that the solids and BOO removals are 
probably due to the low velocities in the marsh. 

Fetter et al (1976) studied a natural Wisconsin marsh containing 
Typha . Although they noticed considerable improvement in water 
quality, the reduction of suspended solids and phosphorus was 
limited. Total phosphorus was reduced by 13%, SS was reduced by 
29%. They hypothesized that phosphorus removal is probably 
caused by precipitation and sediment accumulation in the marsh. 
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However, normal discharges from intensive aquacuHure systems 
have very low concentrations of nutrients and food items. Since 
it is only during pond cleaning that the waste is sufficiently 
concentrated, a polyculture treatment scheme involving both 
plants and fish is most adaptable to a facility that separates 
its cleaning flows from the normal flows. 

In Ontario, treatment of cleaning flows and normal flows is 
required, therefore, a polycultjre system would require an 
extensive land area to provide adequate treatment to reduce 
nutrient levels. In addition, additional research in designing 
systems compatible with salmonid operations and on species that 
can utilize hatchery by-products must be undertaken to develop 
suitable treatment techniques and to ensure system reliability 
(Brown and Nash, 1981), 

6.5.2 Aeration and Settling 

Aeration followed by settling and biological degradation has 
been used to treat normal hatchery effluent at the Seward Park 
Trout Hatchery, Washington. It was found that removal 
efficiencies depended on factors such as water temperature, 
initial concentrations, 300 loading rates, retention time and 
the type of aeration system. Liao (1970) does conclude however, 
that with an adequate detention time (10 hrs) and with air 
supplied at a rate of 0.15 to 0.25 ft3/gal , BOD5 and SS can 
be reduced by 50 to 90%. This system allows a reduction in the 
surface area requirement of stabilization ponds. 
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6.5.3 Bacterial Suspension 

Bacterial suspensions were tested by Boyd et al_ (1984) in 

channel catfish ponds. The bacteria contained in these 
suspensions are common and were applied in relatively small 
concentrations compared to the natural bacterial community. No 
water quality improvements were observed. 

6.5.4 Land Application 

The treatment of total aquaculture effluent waters during normal 
operating conditions is not considered feasible by land 
application, due to the large volumes of waste water produced. 

In evaluating the applicability of land application to 
aquaculture cleaning flows, storage requirements must be 
considered. Percolation rates, application rates and site 
specific factors such as soil and water chemistry, vegetation, 
precipitation, evapotranspiration, growing season and topography 
must also be taken into account. 

6.5.5 Groundwater Recharge 

Quality criteria for fish culture water supplies generally meet 
or exceed Provincial Water Quality Objectives. The components 
added to the water supply by fish farming wastes provide largely 
aesthetic changes to the water rather than direct additions of 
public health concern. Fish do not produce fecal coliforms and 
heavy metals must be absent from feed supplies to maintain fish 
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health and flesh quality in the aquacuUure system. Effluent 
quality from an aquaculture facility, which meets MOE Guidelines 
for Salmonid AquacuUure Facilities (Appendix 3} for nutrient 
and solids removal, and contains no additional chemicals would 
be assumed to be acceptable for groundwater recharge. 

Chemicals added for the prevention and treatment of fish 
diseases are generally used in low concentrations and for short 
periods of time. As chemicals used in fish culture for the 
treatment of fish algae or vegetation in the rearing system are 
currently not approved for use on products for direct or 
indirect human consumption, it is recommended that effluent 
generated during chemical treatment of the fish not be directly 
returned to the aquifer. 

It has been suggested that the use of effluent for groundwater 
recharge may not be cost-effective if water treatment is 
required. Estimates of cost for reclaiming and injecting 
secondary effluent are up to $500 U.S., ($1986) per acre - foot 
($0.41 per m3) (Ambrose and Lynn, 1986). 

Spreading basins in Arizona in areas such as river bottoms have 
recharged as much as 247,000 m3/ha/yr. A study on the 
indirect use of effluent for potable purposes from 30 years 
recharge experience with effluent in Southern California 
concluded that there has not been "any evidence of impaired 
water quality or adverse health effects" but that "additional 
evaluation is needed of possible long term health implications" 
(Ambrose and Lynn, 1986). Use of effluent in Arizona would 
currently be limited to agricultural, park and golf course 
irrigation and for industrial applications. 
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6.5.6 Ion Exchange 

Ion exchange with natural zeolite resins and synthetic resins 
has been investigated for removal of ammonia from hatchery 
effluents, particularly in recirculation systems. Natural 
resins have been found to be more effective than synthetic 
resins because of their higher exchange capacity (UMA, 1979). 

A serious problem associated with application of ion exchange to 
the treatment of hatchery effluents and other types of waste 
waters is resin binding caused by organic matter in the 
effluent. Tests have indicated that the presence of 30 mg/L 
organic carbon (dissolved and particulate) reduced the efficency 
of ion exchange by as much as 75%. Thus, filtration is usually 
necessary prior to waste water entering an ion exchange column. 
UMA (1979) reports that filtration followed by ion exchange can 
remove 95 to 99% of the ammonia from hatchery effluent waters. 
However, pre-treatment requirements which must be carried out 
before ion exchange, would likely meet all environmental 
regulations and objectives. Also, chemicals used to regenerate 
the column can be toxic to fish. 

The size of the treatment system is based on total flow and the 
percentage of total flow from which the ansnonia must be removed. 
Retention time in the media is the most important variable when 
other parameters, including loading rate, temperature, hydraulic 
loading and organic levels are maintained at the desirable 
levels for ammonia removal. Therefore, the cost of ion exchange 
would prohibit its use for total flows within a hatchery though 
it may have an application for recirculation of smaller flows. 

The high degree of ammonia removal achieved with ion exchange is 
not usually necessary in Ontario fish farms. 
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7.0 COSTS OF VARIOUS TREATMENT ALTERNATIVES 

For the purposes of this report, the relative costing of treating 
effluent water from aquaculture facilities is limited to 
sedimentation, vacuuming and reconditioning alternatives as described 
in Table 7.1. The cost estimates presented include land, capital and 
operating costs for treatment systems, and are intended to illustrate 
the relative order of costs. Costs would be expected to vary from 
site to site, depending upon such factors as site conditions, type of 
rearing units, production levels, land costs, construction costs, 
operating method and effluent criteria. 

Costs have been calculated on the basis of 1977 U.S. dollars (Train 
et a] , 1977) converted to 1987 Canadian dollars, based on the U.S. 
consumer price index and the 1987 Canadian/U.S. exchange rate. 

The approximate operating cost of commercial trout production in 
Ontario is $1.75 - 2.75/kg ($1988). If it is assumed that waste 
treatment costs of 5-10% of the production cost would be reasonable, 
then the cost of waste treatment would be approximately $0.09 - 
$0.28/kg of live 340 - 440 gram trout. Assuming a typical Ontario 
hatchery or fish farm flow of less than 3,785 m3/d (1 HGD) , 
treatment and waste management alternatives costing less than lOX of 
production costs would include vacuum cleaning and settling of 
cleaning flows by pumping or by gravity flow to an existing or new 
pond (Table 7.1). On the basis of tnese assumptions, other treatment 
costs would exceed 10% of the production cost. Settling of the 
entire flow with sludge removal and gravity flow to a new pond would 
require approximately 20% of an assumed mean production cost on this 
basis, though it is believed that these costs assume settling is 
carried out outside the rearing units. 



TABLE 7.1 COSTS OF VARIOUS TREATMENT ALTEBKATIVES FOR NATIVE fISH - FLOW-THRU COLTORIHG SYSTEMS 



Treatment 
Altern4tlve and Cost 
per kg of fliti produced (per lb) 



Settling of Cleaning 

FIoh (pumping to new pond) 

Sett 1 Ing of Cleaning 
flow (gravity f low 
to existing pond ) 

Settling of Cleaning 
F low (gray I ty f low to 

new pond) 

Vacuum C 1 ean I ng 

Set t Hng of Entire f low 
MUhout Sludge Renovel 
(pumping to new pond) 

Settl tng of Entire Flow 
Without Sludge Removal 
(gravity flow to new pond) 

Settling of Entire Flow 
with Sludge Removal 
(pumping to new pond) 

Sett 1 1 ng of Ent 1 re Flow 
With Sludge Removal 
(gravity flow to new pond) 

St abt 1 !?it Ion Ponds 

fterat Ion I Sett 1 ing (5 hr) 

Aeration I Settling (10 hr] 

Reconditioning 



Facility Flow 
3785 m^/d 37850 m^/d 

1 mgd 10 anjd 



Facll tty Flow 
94S00 m'/d 378500 m^/d 

g5 mqd 100 mgd 



10.47 (10. ZZ) 

10.07 (JO. 02) 

10.10 (10.05) 

10.15 (SO. 70) 

11.54 (0.70) 

10.99 (10.45) 

11.74 (10.80) 

10.99 (10.45) 

13.68 (11.64) 

16.09 (12.73) 

16.36 (12.86) 

130.38 (113.67) 



10.07 (10,05) 
10.02 (10.007) 

10.02 (10.01) 

10.06 (10.02) 

11.07 (10.47) 

10.82 (10.37) 

11.19 (10.55) 

10.77 (10.35) 

11.34 (10.60) 

13,41 (11.52) 

13.58 (1 .62) 

19.67 (14.35) 



10.05 (10.02) 
0.01 (10.005) 

10.02 (10.007) 

10.05 (10.02) 
10.99 (10. 4S) 

10.72 (10.32) 

11.07 (10.50) 

10.72 (10.32) 

11.14 (10.52) 

12.96 (11.34) 

13.16 (11 .42) 

18.08 (13.63) 



0.02 (10.01) 

10.01 (10.005) 

10.01 (10.005) 

10.02 (10,01) 
10.62 (10.27) 

10.50 (10.22) 

10.70 (10.32) 

10.47 (10.22) 

10.55 ($0.25) 

11. 57 (10.70) 

11,69 (10.77) 

13.68 (11.64) 



NOTE: 1. Adopted from Train et al . 1977. Costs based on 1977 U.S. dollars converted to 1987 Canadian dollars (1977-87) 
U.S. Consuner Price Inden and 1987 Canad I «n/U. S. exchange rate. 
2. Ten-year amortijation period used for capital worlts 
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8.0 MANAGEMENT AND OPERATION 

Hatchery waste water characteristics can be modified by many 
parameters, including water flow, fish size and density, feeding 
rate, fish health, activity of fish as well as temperature, 
oxygen values and influent background water quality parameters. 
Feeding rates have the greatest impact upon hatchery effluent 
water quality. Formulas for relating feeding rates to 
metabolite concentrations in effluents have been documented in 
Willoughby et al (1972) and Liao and Mayo (1974). Use of these 
equations allows the fish culturist to establish appropriate 
feeding levels to achieve oxygen, ammonia, and other effluent 
standards which are not stressful to fish. 

While appropriate waste water treatment systems can be installed 
at aquaculture facilities, it is of equal or greater importance 
that correct operation of the waste treatment system and 
appropriate fish culture and farm management techniques be 
fol lowed. 

Fish feed formulation options can reduce phosphorus below 
existing levels. Feeds may require only 0.7 - 1.0% phosphorus 
but may actually contain 1.5 - 1.8X phosphorus (Zeigler, 1988, 
personal communication). The incentive for the manufacturer 
still remains, however, to produce a quality product to achieve 
excellent fish growth at the most competitive price for his 
product and at the lowest production cost. If raw materials 
such as anchovy meal at 2.4% phosphorus, for example, is 
available at a lower cost than herring meal at 1.6% phosphorus 
then the economic incentive is to select a feed formulation 
which makes use of the higher phosphorus content feed. As 
salmonids fish only retain approximately 15% of the phosphorus 
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for growth, the remaining phosphorus is discharged to the 
environment. As long as fish feed ingredient prices and 
ingredient nutrient content vary independently, the incentive to 
produce an "environmentally sound" diet is reduced. 

Overfeeding of fish results in poorer feed conversions, higher 
production costs and greater waste production. Conversion 
values above 1.5 kg of fish feed to one kilogram of live trout 
are generally accepted as resulting from poor feeding practices 
or overfeeding. There is a direct economic incentive to the 
farmer to improve feed conversion values. Such improvement 
directly results in lower quantities of waste discharged to the 
environment. 

Feed handling at the feed producer and feed transportation 
stages can lead to broken granules and pellet and production of 
fines or feed dust in the feed. While some measures to control 
the production of fines can be implemented by the farmer, the 
operator must largely rely on the feed manufacturers quality 
control and transportation methods. While not currently 
considered an area for major waste reduction gains, both farmers 
and manufacturers have an incentive to reduce the fines content 
of feed. 

Probably the greatest area for reduction in both dissolved and 
solids waste loading to the receiving stream is by frequent 
solids removal from the rearing units. Work in Sweden and 
Finland has shown that up to 30% of the phosphorus 
disassociates to a dissolved fonn from the solids within two 
days of its generation (Zeigler, 1988, personal communication). 
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9.0 INTERIM ENVIRONMENTAL GUIDELINES FOR SALMONID AQUACULTURE 
FACILITIES IN ONTARIO 

A treatment facility for the treatment of aquaculture effluents 
cannot be selected on the basis of cost alone. Other factors which 
must be considered include the required degree of treatment, degree 
of operator expertise required, and the reliability of the selected 
process. 

The Ontario Ministry of the Environment is presently setting Interim 
Environmental Guidelines for Salmonid Aquaculture Facilities in 
Ontario. These guidelines are presented in Appendix 3. 

The guidelines are proposed under Sections 20 and 24 of the Ontario 
Water Resources Act which relates to the taking of water and to 
sewage works proposed by individuals or municipalities. While Clause 
44 (1) (i) provides for specifying any matter or substance such as 
sewage for the purposes of any sections of the Act, it is doubtful 
the drafting of the legislation anticipated the high flow 
requirements and dilute waste characteristics of aquaculture. Fish 
farm effluent is currently interpreted under this regulation as 
sewage. The general definition of sewage under the Act is as 
drainage, storm water, commercial wastes and industrial wastes. 
Aquaculture operations while requiring considerable process flows, 
are generally agricultural enterprises with livestock (fish) raising 
facilities (Guidelines 1.0) 

Proposed guidelines for effluent quality from aquaculture facilities 
require the final effluent to contain 5 mg/L or less suspended solids 
and 0.05 mg/L or less total phosphorus. Based on previous studies it 
would appear that these limits can be met for normal process flows 
but cannot be consistently met for cleaning flows by sedimentation 
alone (Guidelines 2.2) . 
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Under the Guidelines, the operator is required to monitor effluent 
quality, which could effect the reliability of the sampling process. 
For example, if there is a desire by an operator to introduce a bias 
into the sampling, a sample may be collected from the influent rather 
than effluent waters. Sampling by the operator then introduces a 
possible error into the Ministry's interpretation of the data 
(Guidel ine 2.3) . 

The commercial cost of laboratory analysis for an assumed irwnthly 
sampling program for suspended solids (SS) and total phosphorus (TP) 
for influent, effluent and background values for regular and cleaning 
flows plus single tests for total organic carbon (TOC) and bio- 
chemical oxygen demand (BOD5), plus shipping, is in the order of 
$3600 annually. For a medium size operation with an assumed annual 
production of 45,000 kg and a production operating cost of $2.20/kg 
this monitoring program would add an additional 3.6% to production 
costs. 

While the requirements of a Certificate of Approval can include a 
monitoring program, it would seem that a cooperative program of 
sampling and testing should be discussed between aquaculture 
facilities and the Ministry of Environment to ensure both accurate 
results and to determine if a cost-sharing formula can be developed 
for certain types of testing. For example, at a new site or expanded 
production, a monitoring program should be developed on a site by 
site basis to suit individual watersheds and production values rather 
than, for example, a fixed term of one year. Routine analysis costs 
during the treatment testing period and for ongoing routine analysis 
for SS and TP might be borne by the facility while occasional testing 
for background TOC and BOO5 might be borne by the Ministry of the 
Environment (Guideline 2.3). 
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The requirement to maintain a log of all operations which may effect 
effluent quality at the fish culture facility would require the 
operator to maintain a new set of records not normally maintained for 
everyday operations in the private sector, though such records may be 
available at government operated facilities. Given the difficulties 
in correlating effluent quality to anything but feeding rates and 
cleaning or harvesting of the units, it is doubtful that such records 
could be meaningful. Should the Ministry require a log be 
maintained, it is recommended that the onus be placed on the operator 
to maintain sufficient records to answer to exceedance values rather 
than provide a finite list of data entries. While commercial 
aquaculture operators have indicated a willingness to prevent 
effluent exceedences where possible, they request guidance from the 
Ministry in helping establish preventative measures (Guideline 2.4 - 
2.6). 

Recommendations for solids management suggest frequent removal of 
solids from the rearing units on a twice weekly basis. While this 
frequency may requira a significant manpower commitment for 
facilities without settling areas in the rearing units, it would 
appear reasonable to include such a management practice in the 
Guidelines. Should the facility be able to meet phosphorus effluent 
criteria with less frequent solids removal, particularly during the 
winter months when low temperatures may inhibit solids decomposition 
and phosphorus release, then this option would appear reasonable to 
include in the guidelines (Guideline 3.1). 

The use of pond liners may not be required where the retention or 

detention facilities can be demonstrated to retain effluent without 

percolation into the groundwater or where recharge basins have been 
allowed (Guideline 3.1). 
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The use of total phosphorus guideline criteria which do not allow net 
increases above background levels would effectively remove the 
opportunity for fish farming from areas in southwestern Ontario where 
existing groundwater values can exceed 0.05 mg/L TP. 

For existing facilities, this would have the net effect of removing 
their facilities from operation unless treatment methods which are 
more effective than generally required for other parts, of the 
province are implemented. Where total phosphorus exceeds 0.05 mg/L 
in the incoming water supply it is recommended that a cost-sharing 
monitoring program be developed in co-operation with existing 
operations to investigate the feasibility of alternate treatment 
systems and to investigate the receiving stream's assimilative 
capacity and environmental impact of the facility discharge 
(Guidelines 3.2). 

Removal of inorganic SS in the influent water supply to be replaced 
by organic SS would not generally be cost-effective for an 
aquaculture operation, unless inorganic solids settle out in the 
rearing units. The criteria under which BOD or total organic carbon 
(TOC) testing would be required should be more specifically defined 
for each parameter (Guideline 3.2). 

While settling facilities are suitable for fish farming operations, 
the use of settling facilities for all flows would appear to require 
clarification. Is it intended, for example, that flows "presettled" 
in the rearing unit itself require passage through an additional 
settling area before discharge? The guidelines could, for example, 
specify the effluent guideline criteria alone and allow the 
aquaculture operation the option of how it meets the criteria 
(Guideline 3.3) . 
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The use of retention structures for the retention of all cleanout 
wastes during the winter months of December 1 to March 31 would 
appear to be reasonable and would meet the guideline criteria for the 
prevention of overland flows to receiving streams. The guidelines 
could incorporate an allowance for changes in frost-free days between 
northern and southern Ontario on a MOE Regional basis (Guideline 
3.3). 

The use of a Certificate of Approval for an Organic Waste Management 
System and guidelines for fish waste manure utilization on 
agricultural lands should be clarified for fish farming waste since 
the intent of the present Guidelines for some sludge utilization on 
Agricultural Lands, supplementing Regulation 309 under the 
Environmental Protection Act, is to manage municipal sewage sludge 
waste disposal rather than agricultural waste (Guideline 3.3). 

Use of a monitoring program to measure water quality at points 
upstream and downstream of the facility requires clarification for 
the points of monitoring (Guideline 3.4). 

Specific examples of monitoring programs for rearing operations with 
peak production levels could be replaced in the Guidelines with a 
statement indicating possible requirements for a short term weekly 
rather than monthly monitoring program on a case-by-case basis for 
such operations (Guideline 3.4). 

The use of a cage culture operation sampling program which is 
dependent on prevailing current conditions on the days of sampling 
could infer that the operator is required to conduct current 
measurements prior to sampling, particularly where currents are not 
uniform throughout the cage culture areas. A guideline based on 
sampling at a set distance from the rearing unit coupled with a 
single background value would appear to be more practical for at 
least smaller production units (Guideline 3.4). 
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10.0 RECOMMENDATIONS AND CONCLUSIONS 

The present MCE Interim Guidelines for Salmonid Culture (Appendix 3) 
require the concentration of suspended solids (SS) and total 
phosphorus (TP) in the final effluent not to exceed 5 mg/L and 0.05 
mg/L respectively at anytime. For total phosphorus, effluent values 
cannot exceed background levels in the incoming water supply if 
background is above 0.05 mg/L, or 0.05 mg/L for incoming water 
supplies with less than 0.05 mg/L. For suspended solids, effluent 
values can exceed 5 mg/L if incoming water supply background values 
are derived from inorganic material. 

A review has been conducted of the currently available treatment 
technology with published performance data. Conclusions reached in 
the study are based on the data and an engineering evaluation of the 
operating performance achievable in comparison to the MOE Guidelines. 

10.1 Treatment Technology 

10. 1. 1 The principle of solids management is the best approach to 
aquaculture effluent treatment. Sedimentation of solids currently 
provides the best aquacutlure effluent treatment alternative if 
acceptable effluent treatment costs are 10% or less of production 
costs. This cost appears reasonable and agrees with a perceived 
wil lingness to pay. 

10.1.2 Settling of normal flows in a properly designed settling 
basin should produce an effluent within the 5 mg/L SS guideline. 
Settling of cleaning flows should not be expected to produce an 
effluent below 5 mg/L on a consistent basis. A treated effluent of 
10-20 mg/L SS can more probably be expected for cleaning flows. 
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10.1.3 For total phosphorus, settling of normal flows in a properly 
designed settling basin should produce an effluent with a maximum of 
0.05 mg/L TP, if the untreated effluent contains less than 0.25 mg/L 
TP. Cleaning flows should not be expected to be reduced to the 0.05 
mg/L level with settling alone. A residual concentration of 0.1 mg/L 
is a realistic target from treatment by sedimentation. 

10.1.4 For new aquaculture facilities and for existing facilities, 
where possible, settling of solids in a settling unit at the end of 
each raceway or within other types of rearing units, appears to be a 
valid alternative to a separate settling tank or pond. It would 
appear that installing baffles within the raceway can ensure that 
solids settle within the settling area. Cleaning by vacuuming the 
settled solids to a holding tank is the recommended method for solids 
removal . 

10.1.5 For existing facilities, without the provision for the 
creation of settling areas within the rearing units, normal or total 
flows can be treated in a separate settling tank or pond. Vacuuming 
of solids from the fish rearing unit to a holding or treatment system 
would also appear to be the most practical technology for solids 
removal and the prevention of nutrient release from solids in the 
normal process flows. 

10.1.6 Aquaculture facility waste is insufficiently characterized to 
provide well-defined design criteria for sedimentation units. An 
overflow rate of 40 to 80 m3/m2/day and a detention time of 15 to 
30 minutes would appear to be reasonable for design considerations at 
the present time. Additional research is required on the effect of 
diet, rearing unit hydraulic characteristics, and rearing unit 
management practice on waste characteristics. 
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10.1.7 Settling tests and experimental determinations on the release 
of nutrients from fish wastes and fron uneaten feed should be carried 
out over a wide range of operating water temperatures and dietary 
parameters to enable the Ministry of the Environment to obtain 
sufficient data for the review of submissions for Certificates of 
Approval . 

10.1.8 Alternatively, at a higher cost, self-cleaning microstrainers 
and gravity filters appear to be able to provide the treatment level 
required to meet the Interim Guidelines. 

10.1.9 The Guidelines should include allowable maximum instantaneous 
values for SS and TP of 10 mg/L and 0.1 mg/L, respectively, in 
anticipation of highly concentrated cleaning/flushing flows. 

The length of time and frequency of cleaning/flushing flows for the 
main rearing or brood stock holding units should be specified in the 
Certificate of Approval. Monitoring sample submissions should 
specify whether samples are from normal or cleaning/flushing flows. 

10.1.10 A sampling program suitable for Guidelines monitoring and to 
represent normal and peak cleaning/flushing flows should be specified 
in the Certificate of Approval. 

10.1.11 Instructional material on the Guidelines, system design 
consideration, waste treatement system operating guidelines and fish 
culture management practices to minimize aquaculture waste should be 
made available to aquaculture facilities, 

10.1.12 The Ministry Database entries on aquaculture facilities 
should be refined during on-site visits by Ministry personnel. 
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10.2 Management and Operating Principles 

10.2.1 A reduction in wasted fish feed and achievement of a fish 
feed to live weight conversion of 1.5: 1 or less, coupled with prompt 
removal of solids buildup in the rearing units, will help minimize 
both suspended solids and total phosphorus loadings in the effluent. 
Reduction of wasted feed has an obvious direct economic benefit to 
the aquaculturist, although current inventory management practices do 
not always provide the aquaculturist with the data to determine 
optimum feeding levels. 

10.2.2 Vacuuming of wastes and/or discharging of cleaning flows from 
the rearing units should be carried out frequently. Until further 
data is obtained for temperature effects on nutrient release from 
aquaculture wastes, it is recommended that a three-day to five-day 
schedule be utilized, with effluent monitoring to determine 
effectiveness. Changes to the cleaning schedule should be adjustable 
on a site-by-site and seasonal basis to meet effluent guidelines. 

10.2.3 While Ingredient selections for feed formulations are largely 
under the control of the feed manufacturers, both the regulatory 
agencies and aquaculture organizations should work with feed 
manufacturers to reduce the nutrient content of the feed In excess of 
the dietary requirements of the fish. 

10.2.4 Reduction In the fines content of feed during the shipping 
and handling of the feed will assist In reducing both suspended 
solids and nutrients In the final effluent. Aquaculture facility 
staff should be encouraged to store, transport and distribute feed In 
a manner to reduce the break-up of feed pellets Into fines. 
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10.2.5 Resuspension of waste particles witnout their removal from 
the rearing units should be discouraged. Aquaculture wastes are 
easily broken down into finer particles with extended settling time. 
As an operating principle, the less frequently the solids are 
disturbed by brushes or net graders in the rearing units, the easier 
it will be to remove solids and undissolved nutrients from the 
rearing system. 



Figure 10.1 Schematic Diagram of Flow Thrcugh Waste Water 
Treatment Systems in Aquaculture Facilities 
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APPENDIX I TERMS OF REFERENCE 



On April 26th, 1988, UMA Engineering Ltd. was authorized by the Ministry 
of the Environment to Investigate and provide recommendations concerning 
appropriate treatment technology, management and operating practices as 
related to the treatment of effluent waters from aquaculture facilities in 
Ontario and to provide an inventory (an IBM-PC compatible data base) of 
aquaculture facilities In Ontario. 

The requirements of the Tenns of Reference for the study are as presented 
herein: 

1) Carry out and document a literature search for the treatment 
technologies available, with regards to specific design 
considerations, effluent quality, relative costs and their 
appropriateness to the aquaculture industry in Ontario. Consideration 
should also be given to technologies concerned with the discharge of 
effluent into a groundwater aquifer. 

2) Based on the available data and literature, determine best management 
and operating principles for the industry and their impact on effluent 
quality. Consideration should be given to practicality of both 
implementation and operation, relative costs and effluent quality, 

3) Determine the present application of the available treatment 
technologies and best management and operating principles documented 
in (1) and (2) for aquaculture facilities in Ontario. 



4) Evaluate the MOE Interim Guidelines (Attachment 1) with respect to the 
specified operating practices; design considerations and effluent 
qual ity. 

5) Develop an inventory of the aquaculture facilities in Ontario. 
Collect and collate the following information for each aquaculture 
facility to the extent that it is available from MOE, MNR and OFA 
files: 

. location of facility: 

- township and MOE regional area 

. type of facility (i.e. raceway pond) 
. species propogated 
. water source and receiving water body 
. size of facility: 

- total estimated water flow (or discharge) 

- annual and peak production 

. permits issued - permit to take water: 

- certificate of approval 
. operating practices: 

- feeding methods 

- cleaning (frequency and methods) 

- sludge disposal 

. wastewater treatment 

6) Construct a database containing all of the Information collected in 
(5). The database must be presented on an IBM-PC compatible software 
package with the appropriate documentation provided. Facilities 
should be categorized by townships and MOE regional areas. 



The completed study would require: 

1) a written report documenting and summarizing the treatment 
technologies and management and operating principles investigated and 
providing recomrnendation on the contents of the MOE Interim 

Guidel ines. 

2) an IBM - PC compatible database containing the inventory on the 
aquaculture industry in Ontario. 
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INTRODUCTION 

The Aquaculture Facilities Database (AFD) is written in the dBase III Plus 
programming language. The AFD is a user-friendly, menu-driven program 
which allows the user to add, modify, view and print detailed Information 
regarding aquaculture facilities in Ontario and to view and print summary 
information regarding these facilities. 

This appendix is divided into two sections. The first section is a user's 
manual which describes the capabilities of the AFD and the steps to be 
taken to invoke these capabilities. The second section contains 
information which will be of use to dBase III Plus programmers, such as 
database file structures, index file keys and program structure. 
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1,0 USER'S MANUAL 

1.1 Install ing the AquacuUure FacilHies Database 

To install AFD on the hard disk of your PC, you will: 

1) create a sub-directory for the AFD; 

2) copy the AFO from the floppy disks into the new 
sub-directory; and 

3) modify the AUTOEXEC.BAT file in the root directory of 
your PC. 

To create a sub-directory for the AFD, turn on your PC and 
change to the directory that contains the dBase III Plus program 
files. For example, if this directory is called \dbase then 
enter cd\dbase. Now, choose a name for the new subdirectory 
and create the new sub-directory. For example, if you want to 
call the new sub-directory "fish", then enter md fish. 

To copy the AFD files from the floppy disk into the new 
sub-directory, first change to the sub-directory by entering, 
for example, cd fish. Now, insert the disk labelled, 

"Ministry of the Environment Aquaculture Facilities Database 
Disk 1^1" into the A: drive of your PC and enter copy 
a:*.*. Once all the files on this disk have been copied, 
remove "Disk #1" and insert "Disk #2". Again, enter copy 
a:*.*. Remove the floppy disk once all the files from "Disk 
#2" have been copied. 
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You may or may not have to modify the AUTOEXEC.BAT file in 
the root directory of your PC. To determine whether or not 
modifications are required, enter type \autoexec.bat. If 
you see a line that begins with SET PATH and which has a 
reference to the directory that contains the dBase III Plus 
program files, then you do not have to modify the 
AUTOEXEC.BAT file. If there is not a reference to this 
directory in the AUTOEXEC.BAT file, then you will have to 
add the reference. 

To add this reference, you will modify the AUTOEXEC.BAT 
using an editor of your choice. If there is a line in the 
AUTOEXEC.BAT file which begins with SET PATH, then 
append to this line the name of the directory that contains the 
dBase III Plus program files (i.e. if the name of this directory 
is \dbase, then you would append ; \dbase). If there is 
not a line in the AUTOEXEC.BAT file which begins with SET 
PATH, then insert a line which contains a reference to the 
directory that contains the dBase III Plus program files (i.e. 
if the name of this directory is \dbase, then you would 
insert the line SET PATH \dbase). 

You are now ready to begin using the AFD on your PC. 



1.2 Getting Started 

To begin the AFD: tjrn on your PC, change to the directory that 
contains the AFD files (e.g. enter cd \dbase\fish) and enter 
dbase3 fish. Press the Enter key once the dBase HI 
Plus license agreement screen appears. 

Now, the main menu for the AFD will appear as shown below. 
Select the number corresponding to the function you desire. 



(For more information on a particular function, refer to the 
corresponding Section, as indicated) 



MINISTRY OF THE ENVIRONMENT 
INVENTORY OF AQUACULTDRE FACILITIES IN ONTARIO 





DATA MANAGEMENT OPTIONS 


1 


Add records to the database 


2 


View records in the database 


3 


Edit records in the database 


4 


Print records from the database 


5 


List the records by owner's name 


6 


List the records by facility name 


7 


Quit 



(see Section 1.3) 

see Section 1.4) 

see Section 1.5) 

(see Section 1.6) 

(see Section 1.7) 

(see Section 1.7) 



Enter Choice 

After working with a particular function, you will return to 
this main menu. You can then select another function or select 
7 to leave the AFD. 



1.3 Add Records 

This function is used to add information regarding a new 
facility to the AFD. 

After selecting "Add records to the database" from the main 
menu, you will be prompted to enter information regarding the 
new facility. You will enter information one screen at a time. 
The information will deal with: 



personal information 
facility information 
species licensed 
water sources 
receiving water bodies 
production parameters 
permits obtained 
feeding methods 
rearing units 
cleaning methods 
sludge disposal methods 
waste water treatment methods 
technical notes memo 



For all the screens, with the exception of the one for 
"production parameters", the information which appears on the 
screen provides an explanation as to the information which can 
be entered. On the "production parameters" screen you can enter 
the: 



Discharge 

Annual Production 

Peak Production 

Rearing Volume 



rate of water discharged from the facility 

annual weight of fish produced 

weight of fish produced during the peak 

production period of the year 

total volume available at the facility for 

rearing fish 



After entering the information for one screen, you will be asked 
to confirm that the information which was entered is correct. 
If the information is correct then you can press Y to move 
on to the next screen, but if the information is incorrect then 
you can press N to correct the information on the current 
screen, before proceeding to the next screen. 

With the exception of the first and last screens, all the 
information is entered from tables. For example, on "species 
licensed" screen, you will see: 



SPECIES LICENSED 



SPECIES 
SPECIES 
SPECIES 
SPECIES 



SPECIES TYPE CODES 


1. 


Arctic Char 


2. 


Bait-fish 


3. 


Brook Trout 


4. 


Chinook Salmon 


5. 


Coho Salmon 


6. 


Largemouth Bass 


7. 


Rainbow Trout 


8. 


Smallmouth Bass 


9. 


Walleye 


10 


. Trout 


11 


. Lake Trout 


12 


. Brown Trout 



You may enter up to four licensed species for each facility, 
from the "SPECIES TYPE COOES" table. For example, if the 
facility has a license to raise Chinook salmon and rainbow 
trout, you would enter 4 after the first "SPECIES" and enter 
7 after the second "SPECIES". You would press the Enter 
key after the last two "SPECIES". 



After entering the final screen (i.e. for "technical notes 
memo"), you will be asked if you wish to save the information 
just entered for the new facility. If you reply N, then the 
information regarding the new facility will not be added to AFD. 

Next, regardless of whether or not you saved the information for 
the new facility, you will be asked if you wish to add another 
new facility to the AFD. If you reply N, then you will be 
returned to the main menu. If you reply Y then you will 
begin entering information for another new facility. 

1.4 View Records 

This function allows the information regarding certain 
facilities in the AFD to be displayed on the screen. User- 
specified criteria determine which facilities will be displayed. 



After selecting "View records in the database" from the main 
menu, the view options menu will appear. This menu, shown 
below, is used to determine which facilities will be displayed. 
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VIEW OPTIONS 


1 . 


View a MOE area 


2 


View a WATERSHED area 


3. 


View a TOWNSHIP 


A. 


View one facility 


5. 


View from beginning to end 


6. 


Exit View Program 



Enter Choice 
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If you select one of the first three options from this menu, you 
will be prompted to enter an MOE area, watershed area or 
township name, as appropriate. If your entry can't be found in 
the AFD, then the message, "There are no records with chosen 
criteria", will be displayed and the view options menu will 
re-appear. 

You only need to specify the first few letters of the MOE area, 
watershed area or township name of interest. For example, if 
you wanted to view all facilities in the "Grand River" watershed 
then you could specify "G". However, as a consequence of 
specifying only "G", before seeing any "Grand River" facilities, 
you might see all the facilities in the "Ganaraska River" 
watershed. 

The valid entries for MOE area are C, NW, NE, SW, SE, and WC. 

If you choose to "View one facility", you will be prompted to 
enter the "Owner's last name", "Initial" and "Facility name" for 
the facility of interest. If the information that you enter 
can't be found, then the message, "There is no information on 
this person. Do you wish to try another (Y/N)", will be 
displayed. If you reply N to this message, then the view 
options menu will re-appear. If you reply Y to the message, 
then you can re-enter the "Owner's last name", "Initial" and 
"Facility Name" for the facility of interest. 

If you choose to "View from beginning to end", you will be 
asked, "View by owner's name (1) or by facility name (2)?". If 
you reply 1 then the information will be displayed 
alphabetically by "Owner's last name". If you reply 2 then 
the information will be displayed alphabetically by "Facility 
Name". 
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When you choose to "View one facility", you must specify the 
"Owner's last name", "Initidl" and "Facility Name" exactly as 
they appear in the database. (To obtain a list of the exact 
"Owner's last name", "Initial" and "Facility Name" of all the 
facilities in the AFO, refer to Section 1.7). The program does 
not however, differentiate between upper case and lower case. If 
the facility is referenced only by the "Facility name", then 
leave the "Owner's last name" and "Initial" both blank when 
specifying the facility of interest. 

After you have selected one of the options from the view options 
menu and have entered any associated criteria, the information 
regarding the facilities will be displayed. 

1.5 Edit records 

This function is used to modify information regarding an 
existing facility in the AFD. 

After selecting "Edit records in the database" from the main 
menu, you will be prompted to enter the "Initial", "Owner's last 
name" and "Facility name" of the facility you want to modify. 
If the Information which you enter does not match an existing 
facility in the AFD, then the message, "There is no information 
on this facility. Do you wish to try another (Y/N)", will be 
displayed. If you reply N to this message, then the main 
menu will re-appear. If you reply Y to the message, then 
you can re-enter the information regarding the facility of 
interest. 
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Once the information you enter, matches an existing entry in the 
AFD, the first screen (i.e. for "personal information") will 
appear. From this point on the same procedure will be followed 
as was followed for adding records. The only difference is, 
that, in the case of editing records, the previous information 
regarding the facility will appear, while in the case of adding 
records, all of the information was blank to begin with. 

1.6 Print Records 

This function, allows the information regarding certain 
facilities in the AFD to be printed. User-specified criteria 
determine which facilities will be printed. 

This function operates identically to the function for viewing 
records, except that information is printed instead of being 
displayed on the screen. 

The print-out will fit on 8.5" x 11" paper using compressed 
print or on 8.5" x 15" paper using regular print. 

1.7 List Records 

This function provides a list of "Owner's last name", "Initial" 
and "Facility name" for all the facilities in the AFD. 

If you selected "List the records by owner's name" from the main 
menu, then the information will be listed alphabetically by 
"Owners 's last name". If you selected "List the records by 
facility name" from the main menu, then the information will be 
listed alphabetically by "Facility name". 
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Regardless of which ordering method you choose from the main 
menu, you are given the option of printing the list on the 
printer or viewing the list on the screen. 

1.8 Delete Records 



The capability to delete records Is not available from the main 
menu. 

If you need to delete a facility from the AFD, consult a dBase 
III Plus programmer or perform the following steps. 

1. From the main menu select "Seven. Quit". You will now see a 
period which is called the dot prompt. 

2. From the dot prompt, enter use fish Index race area, 

township, watshed, name, facname. 

3. From the dot prompt, enter assist. 

4. Use the cursor control keys to highlight the facility that 
you want to delete. 

5. While the facility to be deleted is highlighted, hold down 
the Ctrl key and strike U. 

6. Repeat steps 4 and 5 to delete the other facilities as 
required. 
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7. Hold down the Ctrl key and strike the End key. The 
dot prompt will then re-appear. 

8. From the dot prompt, enter pack. 

9. Once the dot prompt re-appears, enter quit. You will 
then be returned to the DOS prompt. 



- 12 - 
2.0 PROGRAMMER'S OQCUMENTATIQN 
2.1 Database Files 

The structure of the main database file, FISH. DBF is shown 
in the table on the following two pages. This file contains the 
information for all the facilities in the AFO. In this file, 
there is one record per facility. 

The other database files in the AFO contain the entries for the 
menus which are used while adding and editing records. Each of 
these files has the same structure: There is just one field 
which is a character field, called ITEM. To illustrate how 
these menu entry database files are used, consider the example 
of the "water sources" database file, WATERSRC.DBF. This 
file has the following entries: 

RECORD # ITEM 

1 Lake 

2 Pit/Quarry 

3 Spring 

4 Stream/River 

5 Well 

The record § in this file is used as the entry for the "water 
sources" fields in FISH. DBF. For example, if a facility had 
water sources from a "spring" and from a "lake", then the 

WATER IN I and WATER IN 2 fields in FISH. DBF would 

contain "3" and "1", respectively. 



STRUCTURE OF FISH. DBF 



Field Field Name Type 



1 LAST_NAME 

2 INITIAL 

3 FAC_NAME 

4 STREET 

5 LOT 

6 CONCESS 

7 TOWN 

8 POST_CODE 

9 PHONE_NUM 

10 TOWNSHIP 

1 1 MOE_AREA 

12 WATSHED 

13 FAC_TYPE_1 

14 OP_ON_1 

15 FAC_TYPE_2 

16 0P_0N_2 

17 FAC_TYPE_3 

18 0P_0N_3 

19 FAC_TYPE_4' 

20 0P_ON_4 

21 SPECIESl 

22 SPECIES2 - 

23 SPECIES3 

24 SPECIES4 

25 WATEE_IN_1 

26 WATER_IN_2 

27 WATERHOLDl 

28 WATERH0LD2 

29 DISCHARGE 

30 YEAR_PROD 

31 PEAK_PROD 

32 REARVOL 

33 PERMIT 1 

34 PERMIT2 

35 PERMITS 

36 PERMIT4 

37 PERMITS 

38 FEEDl 

39 FEED2 
4 FEEDS 



Width 



Dc' 



Description 



Character 


30 


Last name 


Character 


1 


Initial 


Character 


30 


Facility name 


Character 


30 


Street name and number 


Numeric 


3 


Lot number 


Numeric 


3 


Concession number 


Character 


30 


Town/city 


Character 


7 


Postal code 


Numeric 


10 


Phone number 


Character 


30 


Township 


Character 


2 


MOE area 


Character 


30 


Watershed name 


Numer i c 


1 


Type of facility 


Numeric 


1 


Facility operating method 


Numeric 


1 




Numeric 


1 




Numeric 


1 




Numeric 


1 




Numeric 


1 




Numeric 


1 


■■ 


Numeric 


2 


Species propogated 


Numeric 


2 




Numeric 


2 




Numeric 


2 




Numeric 


1 


Water source 


Numeric 


1 




Numeric 


1 


Discharge waterbody 


Numeric 


1 




Numeric 


10 


3 Discharge 


Nume r i c 


10 


Annual production 


Numeric 


10 


Peak production 


Numeric 


10 


Volume reared 


Numeric 


1 


Permit obtained 


Numeric 


1 




Numeric 


1 




Numeric 


1 




Numeric 


1 




Numeric 


1 


Feeding method 


Numeric 


1 




Numeric 


1 
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STRUCTURE OF FISH. DBF (ct,d.) 



Field Field Name Type 



41 CLEANMETHl 

42 CLEANFR£Q1 
4 3 CLEANMETH2 
4 4 CLEANFREQ2 

45 CLEANMETH3 

46 CLEANFREQ3 
4 7 CLEANMETH4 

48 CLEANFREQ4 

49 SLUDGE 1 

50 DISPFREQl 

51 SLUDGE2 

52 DISPFREQ2 

53 TREATMENTl 

54 TREATMENT 2 

55 MEMOl 

56 MEM02 

57 MEM03 

58 MEM04 
53 MEMOS 

60 MEM06 

61 MEM07 

62 MEMOS 

63 MEM09 

64 MEMOIO 



Numeric 

Numeric 

Numeric 

Numeric 

Numeric 

Numeric 

Numeric 

Numeric 

Numeric 

Numeric 

Numeric 

Numeric 

Numeric 

Numeric 

Character 

Character 

Character 

Character 

Character 

Character 

Character 

Character 

Character 

Character 



Width 

1- 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

79 

79 

79 

79 

79 

79 

79 

79 

79 

79 



Dec Description 

Cleaning method 
Cleaning frequency 



Sludge disposal method 
Sludge disposal frequency 



Treatment method 
Technical notes 
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The menu entry database files are: 



Database File Name 



Description 



CLEAN. DBF 
FACILITY. DBF 
FEED. DBF 
FREQUENC.DBF 
OPON.OBF 
PERMITS. DBF 
SLUDGE. DBF 
SPECIES. DBF 
TREATMEN.DBF 
UNITS. DBF 
WATERHLD.DBF 
WATERSRC.DBF 



Cleaning methods 

Facility types 

Feeding methods 

Cleaning/sludge disposal frequencies 

Facility operating methods 

Permits obtained 

Sludge disposal methods 

Species propogated 

Waste water treatment methods 

Production units (e.g. m3, lbs) 

Receiving water bodies 

Water sources 



If an entry needs to be added to one of these menu entry 
database files, simply use the append command in dBase III 
Plus. Modification of the dBase III Plus programs is normally 
not required. The only situation in which the programs would 
have to be modified occurs, when, by adding entries you change a 
file which had less than ten entries to a file which has ten or 
more entries. In this case you will have to modify the 
appropriate @... SAY. ..GET,.. statements in the 
FISHADO.PRG and FISHEDIT.PRG program files, and change 
the appropriate field widths in FISH. DBF. 
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2.2 Index Files 



There are five index files for FISH. DBF: 



Index File Name 



Index Key 



Description 



FACNAME.ndx 
MOE_AREA.ndx 
NAME.ndx 
TOWNSHIP. ndx 
WATSHED.ndx 



f ac_name+l ast_name+i ni ti a1 
moe_area+last_name+initial+fac_nanie 

last_name+initial+fac_name 
township+last_ndme+initial+fac_name 

watshed+last name+initial+fac name 



facility name 
MOE area 
Owner's name 
Township 
Watershed 



The menu entry database files do not have any index files. 
2.3 Program Structure 

The tree diagram on the following page shows the relationship 
between the programs In the AFD. Procedure files are shown 
without a file extension in this diagram. The procedure files 
are all contained in a file called FISHPROC.PRG. 



FISH.PRG is the main program which displays the main menu. 
A selection from the main menu results in a sub-program being 
called, as follows: 



MINISTRY OF THE ENVIRONMENT 
INVENTORY OF AQUACULTURE FACILITIES IN ONTARIO 





DATA MANAGEMENT OPTIONS 


1. 


Add records to the database 


2. 


View records in the database 


3. 


Edit records in the database 


4. 


Print records from the database 


5. 


List the records by owner's name 


6. 


List the records by facility name 


7. 


Quit 



calls fishadd.prg 
calls fishview.prg 
calls fishedit.prg 
calls fishprnt.prg 
calls fishlist.prg 
calls fishlist.prg 



Enter Choice 



PROGRAM STRUCTURE 



FISH.PRG 



CHANGE 




FISHADD.PRG FISHEDIT.PRG FISHVIEW.PRG FISHPRNT.PRG FISHLIST.PRG 




ERRORCHK 




/ \ 

SELECT PRINT 



PRTERROR 



APPENDIX 3 

INTERIM MOE ENVIRONMENTAL GUIDELINES 
FOR SALMONIO CULTURE 
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twr..TM PM^/TRONNfENTAL G.IIDELINE5 FO R SAI>DNID AQUAaMTimH FACILITIES IN CmMllO 

I BACK GROUND: . u „„„r 

■ ^hT^tario Ministry o£ the Environment has a legislated mandate for the management 

of surface and groundwater quality and quantity throughout the province. It has been 
established that fish culture operations have the potential to impact on all four of 
these areas. Tl^e Ministry's concern, therefore, relate to both the taking of water frorn 
surface or groundwater sources ensuring a fair sharing ainong all users, and the dischar 
of wastewaters to receiving streams or back to the groundwater aquifer in a condition. 
again, ensuring suitability for the greatest variety of uses. 

Competition among users for adequate water supplies for drinking, irrxgatxon. 
recreation, aquaculture and so on can place demands on some aquifers resulting m 
conplaints of interference among users. For this reason the (^tario Water Resources 
Act Section 20. requires a Pemit To Take Water for most significant water uses and 
protects established uses from interference by more recent ones. A guideline relating 
to the taking of groundwater for aqaucultural purposes is under preparation and will 
become a part of this publication. 

Wastewater discharges containing fish manure and uneaten feeds can have unacceptable 
water quality impacts. Waste solids tend to settle within or downstream frcmvaquacultu 
facilities, smothering valuable habitat; of fish and other organisms, decomposing to 
consume oxygen or release nutrients which stimulate weed and algae growth, and 
generally interfering with other uses of the water. TT^erefore, this Ministry has made 
efficient and effective solids management the focus of these guidelines. 

The water quality impacts of discharges are controlled by approved treatment syste 
authorized and required by Section 24 of the Ontario Water Resources Act. ITiese 
guidelines are intended to provide direction in the development of Certificates of 
Approval for these treatment systems and will be reviewed and updated as appropriate. 

2.0 REQUIREMENTS: . ^- „ 

2.1 A Certificate of Approval is required prior to the initiation of the constnaction 

of any treatment works. 

Conditions will be attached to the Certificate of Approval which may include: 

2.2 --suspended solids and total phosphorus levels in the final effluent shall not 
exceed 5 mg/1 and 0.05 mg/1, respectively, at anytime; 

2.3 --the operator will be rjiuired to monitor effluent quality by regular sample 
collection and analysis \o ensure compliance and to evaluate the adequacy of 
treatment; 
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2 4 --a log shall be kept of all operations and occurrences which may affect effluent 
quality (stocking or harvesting of fish, cleanouts , significant mortalities, weather 
events, equipment failures, observations of system function, etc.) and this log will 
be available for inspection by Ministry staff; 
2 5 -moHitoring results and a copy of the log for each monitoring period will be 
submitted within 6 weeks of saiiple collection to the District Officer of the 
Ministry, explaining any effluent limit exceedences and providing an action plan to 
prevent their recurrence; 
2 6 -the monitoring program will normally extend for a period of one year but may be 

altered at the discretion of the District Officer based on demonstrated performance; 
2.7 -the Ministry may inspect facilities from time to time to verify adherence to all 
conditions of the Certificate of Approval. 
3.0 INTERPRETATION : 

3.1 Solids Management 

Proper design and management of an aquaculture facility will encourage early 
settlement of solids in specific areas throughout the system, and will ensure their 
frequent removal to an off-line retention structure with no outlet, for subsequent 
land application. Suspended and settled solids decompose quite rapidly in water to 
soluble fonns which are not readily removed by treatment. Consequently solids should 
be handled gently, and completely removed from the rearing facility to the retention 
structure on a frequent basis. 

The appropriate cleanout frequency will be as required to satisfy the effluent limits 
but is expected to be approximately twice weekly. To enable and facilitate cleaning 
and to prevent contamination of griv^undwater , the Ministry is suggesting that all 
rearing, settling and waste retention facilities be lined with a firm, non-pemeable 
surface. The use of unlined ponds is strongly discouraged due to difficulties in 
cleaning and resultant poor effluent quality. 

It is the opinion of the Ministry that by effective solids management, many 
components of the solids such as phosphorus , nf trogen and biochemical oxygen demand 
will also be controlled. 
3.2 Background Water Quality 

Section 2-istated the general effluent requiren^nts for suspended solids and total 
phosphorus. Limits for other constituents will be included. In situations where 
significant contaminant concentrations are known to be present in tJie source water, 
effluent lunits will be established on a case by case basis as outlined below. 

The effluent requirement for Suspended Solids (SS) where elevated levels 
occur in the source water (much greater than 5 mg/1) , can be established 



as 5 mg/1 above background, where backgroun4 is measured in the source 
water. There is, however, a concern that allowing a SS effluent 
requirement of 5mg/l above background may allow inorganic SS in the 
source water to be replaced with organic SS from the aquaculture 
facility. Thus consideration shall be given to incorporating additional 
analyses, such as Biochemical Oxygen Demand (BOD) or Total Organic 
Carbon (TOC) which will aid in the evaluation o£ changes in organic 

content . 

The effluent requirement for Total Phosphorus (TP) , where elevated 
levels occur in the source water (greater than 0.05 mg/l) , can be 
established as no net increase above background, where background is 
measured in the source water. There is a concern, however, in situatior 
where elevated levels of TP exist in a groundwater source and would be 
released to a receiving stream only as a result of its use by the fish 
farm. Under such circumstances, the total phosphorus effluent 
requirement shall remain at 0.05 mg/1. 

3.3 Physical Facilities 

^ SaLnonid culture facilities generally fall into one of two categories, flow 
through (or single pass) or recirculating (see Figure 1). A variety of 
rearing systems are in use in Ontario, genera^ including some combination of 
rectangular raceways, circular tanks or ponds, l^fhi^e the Ministry is not 
prepared to dictate requirements for rearing facilities, their design shou'H 
be developed with effluent treatment in mind. As mentioned in Solids 
Management (3.1 above), settlement of solids should be promoted in specific 
areas (eg. screened sumps in raceways, leveU controls on circular tanks, 
pre-settling before recirculating, etc.) throughout the system and these areas 
should be thoroughly cleaned on a frequent basis. 

All flows from the rearing facilities should pass through a final settling 
facility as a safeguard prior to discharge. The settling facility must be 
engineered to ensure proper perforn^ce (good distribution of flow, minimal 
turbulence, minimal resuspension of settled material, sized and proportioned 
to suit effluent flow rate, ease of cleanout , etc.). 

The retention structure shall be of sufficient size to contain all cleanout 
wastes from all settlement areas including the final settling facility throug 
the period of frost (approximately December 1 to March 31) during which time 
land application is allowed, llie latter requirement is due to the fact that, 
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if land applied in winter, the wastes would remain on the surface of the 
frozen ground and run off to the nearest water Wr?e at times of snowmelt 
or rain, thus negating much of the treatment effort. During the frost-free 
period of the year (approximately April 1 to November 30) the cleanout wastes 
may be applied to croplands at appropriate times. Transport of the cleanout 
was^s off the proprietor's property requires a Certificate of .-Approval for an 
Organic Wastet Management System, application for which may be made through 
the Ministry's District Officer. Alternative disposal methods will be evaluated 
on a case by case basis. 
3.4 Monitoring Program ■ 

A program to monitor the impact of the operation of the aquaculture facility .- 
will be developed. In general, samples should be collected from the source 
water and the final effluent plus at points upstream and downstream in the 

receiving watercourse. 

In most cases where no background contamination of the source water exists, its 

monitoring can be reduced or discontinued once stable quality is documented. 

Where effluent limits are set relative to background levels, monitoring of the 

source water would be needed as a basis. to establish the effluent limit. 

The Ministry's ultimate interest is in .environmental protection and thus the 

requirement for in-stream monitoring, particularly in cases where the effluent 

represents a large proportion of the entire stream flow. 

Most facilities with year round production and harvest should be sampled 

monthly. Operations with distinct peaks of production should concentrate 

sampling during those periods. Operations which are extremely seasonal (eg. 

product only fingerlings from fall spawners) should be sampled weekly during the 

6 weeks of peak production. 

In the case of cage culture operations, the "final effluent" would be sampled 

at a point 5 meters downdrift from the cage and control points would be sampled 

30 meters updrift and downdrift from the cage. The exact location of these point; 

would depend on prevailing current conditions on the days of sampling. 

4,0 Epilogue 

These guidelines have been developed by the Ministry of the Environment 
Aquaculture Committee on the basis of direct Ministry of the Environment experience and 
knowledge of the available literature on wastewater treatment in aquaculture and 
in consultation with representatives of the aquaculture industry in Ontario. As research 
continues and additional experience is gained, revisions to these guidelines may be 
made from time to time. Comments on or fonnal proposals to amend these guidelines 



should be addressed to the Ministn- of the Environment Aquacultufe Committee either 
directly or through the Ontario Aquaculture Research and Services Co-ordinating 
Committee. 
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